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Tab.1 Degradation data for the amplitude variation of a batch of photodetectors over time
SR T s v I ) R AL Bl Parameter 1 (lamp control circuit amplitude) degradation data/V
B 2 fsf 18] Time/d
Sample number 0 11 15 20 41 56 61 328 645 728 1162
1 11.93 10.73 11.05 11.39 11.96 11.50 10.83 10.33 10.04 10.01 9.87
2 6.30 6.25 6.25 6.25 6.22 6.20 6.20 5.93 5.60 5.52 5.07
3 6.01 6.41 6.28 6.64 6.64 6.62 6.62 6.11 4.88 4.49 2.81
4 7.76 7.63 7.63 7.63 7.61 7.60 7.60 7.40 7.16 7.10 6.80
5 7.13 10.68 10.64 10.56 10.24 10.01 9.95 7.13 6.06 5.88 5.31
6 12.56 11.87 11.87 11.87 11.85 11.85 11.85 11.84 11.92 11.93 11.98
7 12.99 12.36 12.36 12.36 12.38 12.40 12.40 12.48 12.19 12.16 12.60
8 12.64 11.90 11.90 11.90 11.90 11.92 11.92 11.93 11.87 11.87 11.93
9 12.60 11.90 11.90 11.90 11.92 11.92 11.93 12.00 11.80 11.80 12.03
10 9.69 11.82 11.76 11.69 11.39 11.20 11.13 9.50 11.87 11.80 8.67
11 12.86 12.16 12.16 12.16 12.17 12.17 12.17 12.25 12.35 12.35 12.32
S0 (A YRS L TR ) 1B ALl Parameter 2 (power supply output voltage) degradation data/V
B g i} 1] Time/d
Sample number 0 11 15 20 41 56 61 328 645 728 1162
1 11.42 9.29 9.76 10.28 11.39 11.28 8.57 7.95 7.50 7.42 7.24
2 7.42 7.82 7.82 7.82 7.79 7.77 7.77 7.48 7.15 7.05 6.59
3 5.52 5.53 5.48 5.63 5.63 5.63 5.63 5.26 4.36 4.09 2.89
4 7.36 7.85 7.85 7.85 7.84 7.82 7.82 7.63 7.40 7.34 7.02
5 12.06 12.09 12.09 12.09 12.09 12.09 12.09 12.06 11.92 11.88 11.74
6 12.22 12.14 12.14 12.14 12.16 12.16 12.16 12.17 11.88 11.90 12.35
7 12.35 11.90 11.90 11.90 11.90 11.90 11.90 11.92 11.60 11.55 12.32
8 12.81 12.38 12.38 12.38 12.38 12.38 12.38 12.35 12.03 12.00 12.06
9 12.11 12.12 12.12 12.12 12.16 12.16 12.17 12.24 11.74 11.74 12.12
10 12.09 12.06 12.06 12.04 12.04 12.03 12.03 11.98 12.08 12.06 11.60
11 12.73 12.08 12.08 12.09 12.09 12.11 12.11 12.22 12.30 12.30 12.11
SR 3 (i 5 L I T ) IR AL BdlE Parameter 3 (widen the amplitude of the circuit) degradation data/V
B2 i} 1] Time/d
Sample number 11 15 20 41 56 61 328 645 728 1162
1 12.26 11.21 11.55 11.43 11.62 11.46 10.86 10.45 10.59 10.19 10.89
2 6.21 6.63 7.23 7.14 6.12 7.36 6.28 7.82 5.38 5.84 6.21
3 7.01 7.98 7.13 6.64 6.43 6.71 6.48 6.24 5.69 6.38 6.82
4 6.67 7.06 7.54 7.46 7.31 7.61 7.68 7.58 7.38 7.12 6.92
5 12.42 11.47 11 11.13 10.63 10.17 9.93 7.25 6.24 5.99 5.42
6 11.98 11.84 11.84 11.74 11.54 11.71 11.88 10.82 10.99 10.86 10.92
7 12.59 12.35 12.33 12.46 12.12 12.47 12.48 12.45 11.27 11.24 11.72
8 12.25 12.13 12.11 11.36 11.54 11.89 11.93 11.93 11.89 11.87 11.83
9 11.48 12.01 11.95 11.74 11.71 11.88 11.83 11.98 11.83 11.83 12.12
10 11.23 11.79 11.89 11.36 11.36 11.38 11.28 11.49 11.98 11.93 8.78
11 12.66 12.43 12.35 12.16 12.16 12.27 12.25 12.49 11.87 11.23 11.22
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Storage life evaluation of photodetector based on multi-parameter performance

degradation and competitive failure

ZHANG Yeping' YANG Tongbo> LI Ziwei**
(1. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)
(2. Department of Statistics, School of Mathematics, Southwest Jiaotong University, Chengdu 611756, China)
(3. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China)
(4. Research Center for Reliability of Equipment in Complex Environments, Southwest University of Science and Technology,

Mianyang 621010, China)

Abstract: Aiming at the storage life evaluation of photodetectors, a new evaluation method for multi-parameter
competitive failure storage life assessment based on Monte-Carlo method was proposed. This method comprehensively
considered whether the key performance parameters of the sample have deteriorated or improved trend. Firstly, the optimal
degradation model with a single parameter was selected by performance degradation modeling, so that the pseudo-life of the
sample with increasing degradation trend was calculated according to the failure threshold, and the pseudo-life was regarded as
the right-censored data for the sample with decreasing degradation trend. Furthermore, the optimal distribution of a single
performance parameter was selected based on the pseudo-life data combined with the expectation maximization(EM)
algorithm, and then the competitive failure evaluation of multi-parameters was carried out by Monte-Carlo sampling method.
According to the case analysis of the photodetector storage, the feasibility of this method was verified.

Key words: Multi-parameter performance degradation; Competitive failure; Storage life; Expectation maximization
algorithm; Monte-Carlo sampling
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