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Abstract

The photon-number-resolving capability of silicon photomultipliers (SiPM) is constrained by dark
counts, optical crosstalk, and high-frequency signal pile-up, limiting their application in high-speed
photon detection. In this study, we developed a solution for passive quenching SiPM by integrating
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high-pass filter amplification with low-noise radiofrequency amplification. This approach enhances
signal amplitude while suppressing baseline drift, achieving high-resolution discrimination of
multi-photon avalanche events and enabling linear extraction of avalanche signals across a wide
dynamic range. After high-pass filter, the avalanche signal fall time was reduced from 50.4 ns to 3.7
ns, effectively mitigating avalanche pile-up effects and expanding the device bandwidth. Under 10
MHz laser repetition rate excitation, the system demonstrated photon-number resolution for up to
25 photons. Furthermore, the effective acquisition of the SiPM output signal is crucial to its resolu-
tion performance. We optimized signal acquisition by adjusting the vertical resolution of the oscil-
loscope to determine the optimal sampling parameters, providing critical guidance for the inte-
grated design and dynamic range optimization of photon-number-resolving SiPM detectors.
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Figure 1. (a, b) SiPM structure diagram, equivalent circuit diagram of the APD unit
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Figure 2. High-pass filter amplifier circuit schematic
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Figure 3. Dynamic response comparison of APD avalanche signals
through high-pass filtering amplification circuit
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Figure 4. Diagram of experimental device: SG: signal generator/PL: 483 nm Picosecond Pulsed laser/VOA: Variable optical
attenuator/COL: Collimating Lens/LNA: Low-Noise Radio Frequency Amplifier/HPFA: High-Pass Filter Amplifier/DR:
Darkroom/OSC: Oscilloscope
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Figure 5. Waveform comparison of avalanche signals with/without high-pass filtering amplification
circuit (a) Without HPFA circuit; (b) With HPFA circuit
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Figure 6. Photon number statistics comparison (a) Without HPFA circuit; (b) With HPFA circuit
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Figure 7. (a~f) distribution of avalanche amplitudes under different oscil-
loscope amplitude settings
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Table 1. Mean and standard deviation of photon number resolving coefficients
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