*oamH TR F20% 104
- 108 - EQUIPMENT ENVIRONMENTAL ENGINEERING 2023 47 10 J

0 iBE T S T K 4B 44 3R I 7 B 47 b X
K7 an iR

S, £Z&’, 3", XKW’
(1A RBERIESIHARAT, LR 100854; 2 W RNBTRERIMITEE, LR 100854 )

WE: B8 AROLD RR KA AT R, FRmE R BHIEG I EEE 54T, S dathey
TGRS EARE R F I B IEAR, F ik L RRBIE ) TR KA ik e FiR I A b, A5 Ch
Y RAE BRI Ty ik, TTRMBICFBIERBER Fait4E, B S A EAHEMETH . A THRBAEE
RSB R AR, S FP 0T EEAER AR FHAR, e ERBERAT TR, BRSBTS
B R LA RACHIEARER | F oo AR | feik BT ERS A AN T ARG, &8 #kK
89 ik W AR IS HIB AL T ik, E AT, ARG B, T R AR BACHAE G BT IR SR
4R HFAKAAE; iR BRI, Fa; AT gUER; BT

FESZES: TI0R9 XERFRIRAD: A MERS: 1672-9242(2023)10-0108-10

DOI: 10.7643/ issn.1672-9242.2023.10.013

Accelerated Storage Data Processing and L ife Assessment of
Microwave Power Amplification Modules

LYU Ying', WANG Ai-qing®, YAN Kai'*, GAO Su-Ii"

(1. Beijing Remote Sensing Equipment Research Institute, Beijing 100854, China;
2. Beijing Overall Design Department of Mechanical and Electrical Engineering, Beijing 100854, China)

ABSTRACT: The work aims to process, model, and analyze degradation data from accelerated storage experiments with mi-
crowave power amplification modules as the research object, and provide storage characteristic parameters such as storage life
assessment values and activation energy of the modules. Based on the completed accelerated storage test of microwave power
amplification modules, existing data modeling and processing methods were adopted to carry out accelerated storage data proc-
essing and life assessment. Various degradation trajectory fitting optimization, performance degradation model parameter con-
version modeling, multiple life distribution modeling, and goodness of fit testing techniques were applied to analyze and process
the storage data. A degradation trajectory model, life distribution model, acceleration factor, activation energy and other storage
characteristic parameters of microwave power amplification modules, as well as reliable life assessment values, were provided.
The accelerated storage test data processing method proposed has good adaptability and high superiority, and can provide refer-
ence for similar electronic devices with degradation data.
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Tab.1 List of failure modes with module severity class II

AR AR PR Titie KA AL A AL HE KRBT &
MK5.255.081 MIC4223YMME oKz % JEB, SIREEAR HH TR
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MKS5.255.081 NC11216C-3436 (ERe2/ PN S s WiiE . ik i 11 Ty 2 3
MK35.255.081 SI18499 PIES T it & RS e i HH Ty 3
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MK5.255.081 SI18499 R SRR KAFRA i Ty
MK5.255.081 MCL4151-TR Rk I i LA E YT D T AR
MK5.255.081 MCL4151-TR Rk Gl WG . ik i 1 Ty 20 3
MK5.255.081 MCL4151-TR FaE SRR KA i 1 Ty 20 3
MK35.255.081 LT3015EDD#TRPBF  Hi P-¥:4 TF i BIREEAR i HH Ty 3
MK35.255.081 LT3015SEDD#TRPBF  Hi W45 S I & ik LITHER IR By
MK5.255.081 LT3015EDD#TRPBF  Hi FFE4 Bk A2 Ak i Ty
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MKS5.255.081 RMK2012 155 2 % MR . SUBWTT i R I
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Tab.2 Accelerated storage test schedule of modules

WK A DA EA KT A DK E) /R
1 300 9 3700
2 600 10 4200
3 900 11 4500
4 1200 12 4 800
5 1700 13 5100
6 2200 14 5400
7 2700 15 5700
8 3200 16 6 000
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Tab.3 Acceleration temperature points of modules and

number of samples

g/ C FEAEL M AL
105 3 16
90 3 16
80 3 16
70 3 16
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Fig.2 Photograph of internal quality inspection of microwave
power amplification module
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Fig.3 Output power test data of microwave power amplification modules
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Fig.4 Parameter discounting method based on the perform-

ance degradation model
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Fig.6 Schematic diagram of product life prediction
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Tab.4 Microwave power amplification module test data
fitting results

A R TR FRE R %L ek
i) y=ax"+c y=a-exp(bx)+c y=ax+b
34 R 0.895 0.893 0.889

MG BE TR IR B, R AR R AU A TR B
by h DR IB AL LT BN A, A R RS BUE
ks,

x5 WAMBRHSHE

Tab.5 Values of fitted power function parameters

i a b c
MKO04 -3.297 0.87 17.43
MKO05 —-0.850 0.90 18.18
MKO06 -3.633 1.47 17.18
MKO07 -1.316 0.82 17.28
MKO08 -1.021 1.31 18.20
MKO09 —-0.738 0.81 18.31
MK10 -0.771 1.38 18.22
MKI11 —1.046 1.30 17.94
MK12 -0.184 1.33 15.80
MK13 —-0.166 1.23 18.41
MK15 -0.372 1.14 18.61
MK16 —-0.636 1.13 17.76
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Tab.6 Acceleration factors for power modules at each test

temperature
[ R BRI B 4 C his IR T
1 105 77.3
5 90 39.6
3 80 24.5
4 70 14.8
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ano, WO bAE R 1.14, THEH IR T X RO 7 i 1
WHE &, WFR 7o
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Tab.7 Power module degradation trajectory information

EoRe ano Eho/a
MKO04 -0.023 13 80.6
MKO05 —0.005 96 3135
MKO06 —0.025 49 72.2
MKO07 —0.019 81 92.3
MKO08 —-0.015 37 140.7
MKO09 —0.011 11 187.8
MK10 —0.020 02 106.4
MKI11 —0.027 15 75.7
MK12 —0.004 78 181.2
MK13 —0.007 67 260.8
MK15 -0.017 19 130.4
MK16 —-0.029 39 70.4
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Fig.8 Cumulative life span distribution: a) Lognorm fitting; b) Gamma fitting; c) Weibll fitting; d) Norm fitting; e) Expon fitting
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Tab.8 Ks values for &, under each distribution model

Eildag LT 2 FR flitt &4 Ks {H p SEUR LA
0 Lognorm (0.49, 0.0, 125.69) 0.152 0.907 Yes
1 Gamma (4.11, 0, 34.74) 0.160 0.874 Yes
2 Weibull (2.03, 0, 162.20) 0.168 0.835 Yes
3 Norm (142.67, 75.93) 0.184 0.750 Yes
4 Expon (70.4, 72.27) 0.202 0.643 Yes
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