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GHz InGaAs/InP single-photon detector with tunable repetition
frequencies

WANG Tian-Ye', FEIQi-Lai'?, XUBo', LIANG Yan", ZENG He-Ping'?*’
(1. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology ,
Shanghai 200093, China;
2. Chongqing Institute of East China Normal University, Chongqing 401147, China;
3. State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200062, China)

Abstract: InGaAs/InP avalanche photodiodes (InGaAs/InP APDs) are capable of detecting single photons in the near in-
frared. With advantages of high integration and low-power consumption, they are widely used in quantum information
science, laser mapping, deep space communication and other fields. In order to reduce error counts, InGaAs/InP APDs
are generally operated in the gated Geiger mode, where the repetition frequency of the gating signal directly determines
the detector's working rate. Thus, we adopt a low-pass filtering scheme to build a high-performance InGaAs/InP single-
photon detector with adjustable GHz repeating frequency by integrating the processing circuit with GHz sine gating sig-
nal generation, avalanche signal acquisition, temperature control, bias voltage regulation and other functions. When
the frequency of GHz gating signal increases to 2 GHz, its phase noise is still better than the -70 dBc/Hz@ 10 kHz, and
the spike noise is suppressed to the level of thermal noise. When the detection efficiency is 10%, the dark count is only
2.4x10°/ gate. In addition, we also verify the long-term stability of the detector under this scheme, and test the influ-
ence of working rate, bias voltage and other factors on the key performance parameters of APD, which lays a founda-
tion for the further integration and promotion of GHz InGaAs/InP APDs.
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(a) Physical image of the detector, (b) Schematic

Note: FPGA: Field programmable gate array, PGC: Pulse
generating circuit, DCC: Delay chip circuit, HVC: High volt-
age circuit, PID: Temperature control circuit, VA: Voltage
controlled attenuator, AMP: RF amplifier, HPF: High pass
filter, LD: Laser, Atten: Optical attenuator, LPF: Low pass
filter, PSC: Pulse shaping circuit
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Table 1 Phase noise test table for each repetition fre-

quency

i 100 Hz 1.00kHz 10.0kHz 100kHz 1.00 MHz
(GHz) (dBe/Hz) (dBe/Hz) (dBe/Hz) (dBe/Hz) (dBe/Hz)
1.00  -78.93 -87.49 -85.77 -96.19 -133.34
1.25  -74.25 -83.51 -80.97 -89.75  -130.50
1.50 -68.62 -81.93 -79.92 -89.39  -132.87
1.75  -69.82 -79.99 -77.50 -87.80  -127.31
2.00 —66.38 -79.02 -77.14 -85.23  —129.44
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Schematic diagram of the waveform of the combined
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Table 2 The amplitude of each repetition frequency through the amplifier and adjustable attenuator

BIRIGH ADFASSURRET TS SERPBOCKRIORE | IRy W 2dB BRI 00 3dB SO BRIEIV
55 I8 B /mV &IV
1.00 239 14.7 13.2 11.5 10. 5
1.25 201 12.2 11.3 10. 3 9.4
1.50 220 15.0 14.1 12.3 11.2
1.75 256 11.0 10. 3 8.5 7.7
2.00 289 13.5 12. 1 10. 6 9.8
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(a) APD output signal waveform at 1500 MHz gate frequency, (b) avalanche signal after low-pass filter and amplifica-

tion, (c) avalanche signal count rate under different repetition frequency without light, (d) detector working at each frequency

with 10% detection efficiency for 2 hours
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