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Abstract

In order to meet the sensitive detection requirements in the fields of UAV swarm, optical computing,
and laser imaging, we propose and design a high-gain and low-noise multi-channel avalanche pho-
todiode (APD) detector. The study employs a multichannel parallel design, where each channel
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operates independently to reduce crosstalk studies, and integrates modules such as transimped-
ance amplification, high-voltage biasing, and noise filtering to achieve highly sensitive simultane-
ous capture of weak optical signals. We analyzed the variation of APD current and multiplication
factor to explore its optimal operating voltage range, and finally obtained the average responsivity
of the nine-channel APD detector to be 1.3 x 107 V/W, with the minimum detectable optical power
as low as 5 nW. The responsivity consistency of each detector is high, and the linear correlation
coefficient of the single-channel detection in the range of 5~50 nW is 0.997, which can meet the
requirements of high-performance optical applications such as Ising machines.
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Figure 1. Structure diagram of detection system
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Figure 2. Amplifier circuit diagram
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Figure 3. High-voltage bias circuit diagram
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Figure 4. Resistance vs. output voltage diagram
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Figure 5. Detector PCB map and physical map
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Figure 8. Detector responsivity test experimental setup diagram
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Table 1. Responsivity table for each channel of the APD photodetector
7= 1. APD FEBIRINIZS & 18BN R

EHET M SRR R Ry VIW - BRI HLUR IR Rv VIW RE%
iHIE 1 106.86 1.12 x 107 1.28 x 107 12.50
iHIE 2 114.10 1.25 x 107 1.37 x 107 8.76
iHIE 3 112.16 1.21 x 107 1.35 x 107 10.37
HIE 4 112.16 1.21 x 107 1.35 x 107 10.37
iHIE 5 114.20 1.29 x 107 1.37 x 107 5.84
iHIE 6 114.20 1.29 x 107 1.37 x 107 5.84
HIE 7 112.83 1.22 x 107 1.35 x 107 9.63
iHiE 8 112.64 1.22 x 107 1.35 x 107 9.63
iHIE 9 114.20 1.29 x 107 1.37 x 107 5.84

B 7 A0S 1O ERT A, JUsE i e R — B R, (HAS IR APD (14 FELIRURI 25 R S T
Z5, FliniwE s 168.5 VI, HiE 1~4 o, 3 H14 #8255, MXHEZEHL -, #iE 5~9 f1, 5.
6 19 MASAHIE, 7 F1 8 MR tHAHIR], HHHXRZENZEFVIA .

YT AT B Z 2 0@E APD JE AR BRI SEE], 2 2 XL T AT ST Si APD 22 3 1 BRI
e T _EEERE Y SiPIN 2GRN 2% DL A2 Si APD BRI e 1K B M BEAE AR . AHE T 22383 PIN
PRI, AHE TR PRI 28 e S R I SE AR OG5 5, JFReSEI T s i . 17 15 BRI TE APD R 2%
FHEG, ASHIFFE BT 22 T8 TE PRI B8 7038 55 77 T 2 I R S AR A

Table 2. Summary table of detector performance test results
2. g se M IE L 2%k

ZIEIE APD RN %% ZJB1E PIN 0% FETE APD FRI 2%
S ENEIN RO I e A #) R IGHA T
i % Bandwidth DC-150 MHz DC-200 MHz DC-200 MHz
- FHsHA] Rise Time 2.3ns 1.75 ns 1.75ns
B %5 (F =) Gain 1.3 x 107 VIW 1.1 x 10* VIW 1.2 x 108 V/IW
BN AR Th & -53 dBm (5 nW) -29.6 dBm (1.1 uW)
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G HLERIN 28 R me 87 i A BT A MR R, RHRTHG S E LT RS [ B RE 2. NIRAIR TR
U385 o 7t 2 ) 2R MEAE DG, ¥ APD i B H R [ 2 O 168.5 V,  BIIE R K 850 nm. T 0~50 nW
MESAE SN . B IS H R B A DI AL eSS, 2l thma B2k, BARaniEl 9 Bros.

MBI G T, FTFIHARIZE b 12,9, BEMEHRNZN T5 1 nW BN JCIIZR, fefbih
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Figure 9. Detector response curve
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