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Abstract

In this paper, the current detection system of silicon-based APD detector is studied, aiming at de-
signing a current detection system with a wide measurement range and high measurement accu-
racy. The system consists of measurement subsystem, control subsystem and human-computer in-
teraction subsystem, which can accurately measure the current of 0.1 nA to 10 mA, with an accuracy
of 0.1 nA. The hardware design mainly lies in the design of measurement subsystem, which consists
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of current amplifier circuit, analog-to-digital conversion circuit, voltage stabilizing circuit, control
circuit and interface circuit to ensure the accuracy and stability of measurement. The measured cur-
rent can not only be displayed on the human-computer interaction subsystem but also stored in the
memory card as needed, which is convenient for subsequent data reading and analysis. The software
design adopts modular design, realizes efficient cooperation among subsystems through serial com-
munication, and has the functions of automatic measurement and data storage. The experimental
results show that the system can accurately measure the current value of silicon-based APD detec-
tor, which provides strong support for performance evaluation and large-scale application, and has
important practical application value and promotion prospect.
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Figure 1. Overall system structure
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Figure 2. Composition diagram of measurement subsystem
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Figure 3. Schematic diagram of filter circuit
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Figure 4. Schematic diagram of logarithmic amplifier circuit
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Figure 5. Schematic diagram of analog-to-digital conversion circuit
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Figure 6. Schematic diagram of voltage stabilizing circuit
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Figure 7. Schematic diagram of control circuit
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Figure 8. Schematic diagram of interface circuit
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Figure 9. Composition diagram of the control subsystem
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Figure 10. Composition diagram of human-computer interaction subsystem
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Figure 11. System software composition diagram
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Figure 12. System software composition diagram
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Figure 13. Flow chart of communication protocol of measurement subsystem
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Figure 16. Flow chart of software implementation of control module
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Figure 17. SPI communication timing diagram of analog-to-digital conversion module
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Figure 18. Internal software implementation of control subsystem
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Figure 19. Man-machine interaction subsystem interface
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Figure 20. Flow chart of storage program of storage module
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Figure 21. Physical diagram of electrical parameter measurement system for silicon-based APD detector
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Figure 22. Measurement interface diagram of electrical parameter measurement system of silicon-based APD detector
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Table 1. Dark current values under different bias voltages
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0 110
30 660
60 870
90 970
120 1020
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180 1050
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6. &t

ASCEH I TESE APD PRI & FIR AT I R G, Sl P& PRI ANLAS B R G WA, S8 0.1 nA il
59 L A S C I . BEAR A RS SRS AL, R AR A g R a0 3 e 108 £ S T e 2k
WA RGRA AR BAEFaEThae, LM uREREm IR RAE, JPEREVEAS A AN, A S 4t
SCRE, B SEBR RO EANHE R R  ARRTHEINSEI R RS, S A B A SR R 3 A

SE

(1] REnd. BB RN & SRV ET AU D] (W2 A i 5], s sRBUB AR AAF AT R, 2021,

[2] Buchner, A., Hadrath, S., Burkard, R., Kolb, F.M., Ruskowski, J., Ligges, M., et al. (2021) Analytical Evaluation of
Signal-to-Noise Ratios for Avalanche- and Single-Photon Avalanche Diodes. Sensors, 21, Article No. 2887.
https://doi.org/10.3390/521082887

DOI: 10.12677/jsta.2025.133030 311 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133030
https://doi.org/10.3390/s21082887

OB 55

[3] fRARLL. 3T ADLS317 553 8 R4S 50 s B A BT H[D]: [t 228 sg]. R i K2, 2013.

[4] &BEMEBHEHARFHELHEARZEZ RS (SAC/TC 28). IARRS R4 LSRN HFEH: GB/T 28173-2011[S]. ik
i R EARE R, 2011

[51 JAH. HEFERshEFRENTRD]: [Bit2A0e 0], Kvb: Wim k2%, 2020.

[6] Tiff, Wz, WAL, 25 FET STMB32F407ZGT6 I HIB(E S A SRR RG], EIREE 3%,
2024(21): 19-23.

(7] WA, JET STM32 Rk 2 i S Tl B e ih 5 SCBL[D]: (Bl 22 Ani s, RU: Ib RO, 2023.

DOI: 10.12677/jsta.2025.133030 312 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133030

	硅基APD探测器电流检测系统设计
	摘  要
	关键词
	Design of Electrical Parameter Measurement System for Silicon-Based APD Detector 
	Abstract
	Keywords
	1. 引言
	2. 系统总体设计
	2.1. 硅基APD的工作原理与电学参数分析
	2.2. 系统设计要求
	2.3. 系统总体设计

	3. 系统硬件设计
	3.1. 测量子系统
	3.1.1. 滤波电路
	3.1.2. 电流放大电路
	3.1.3. 模数转换电路
	3.1.4. 稳压电路
	3.1.5. 控制电路
	3.1.6. 接口电路

	3.2. 控制子系统
	3.3. 人机交互子系统

	4. 系统软件设计
	4.1. 系统软件总体设计
	4.2. 主程序流程设计
	4.3. 子系统间通信流程实现
	4.3.1. 控制与测量子系统通信流程
	4.3.2. 控制与人机交互子系统通信流程

	4.4. 子系统内软件功能实现
	4.4.1. 测量子系统内部软件实现
	4.4.2. 控制子系统内部软件实现
	4.4.3. 人机交互子系统内部软件实现


	5. 系统测试
	6. 结论
	参考文献

