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Abstract: Remaining useful life prediction of metal oxide semiconductor field effect transistor ( MOSFET ) can prevent gradual
degradation or lose efficacy of devices due to long-term conduction. However, the traditional prediction models are difficult to extract the
detailed characteristics of nonlinear changes in MOSFETs degradation parameters, resulting in poor prediction accuracy. To address this
issue, a remaining useful life prediction method for MOSFETs is proposed, which is based on variational mode decomposition and
nonlinear auto-regressive model with exogenous inputs (NARX) neural networks with external inputs. Firstly, the degenerate parameter
sequence is decomposed into multiple sets of characteristic components containing nonlinear change information using the VMD method.
Secondly, the NARX prediction model is optimized by using Bayesian regularization and Levenberg-Marquardt algorithms, respectively.
Finally, integrating multiple sets of feature component prediction values to obtain the remaining life prediction results of MOSFETs. The
experimental results show that the root mean square error of the proposed method is less than 0. 003, the mean absolute percentage error
is less than 5% , all of which are better than the comparison method. The average error of remaining useful life prediction is less than
5 min, which evaluates the effectiveness of the method.
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Fig. 1 Diagram of NARX neural network architecture
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Table 1 Comparison results of the optimization accuracy

of component

FRAE i ety ik RMSE R?
BR 2.255x107* 0.434 4
VMF1
LM 1.053x107* 0.832 1
BR 1.534x107* 0.486 8
VMF2
LM 9.066x107° 0.8756
BR 6. 184x107° 0.986 6
VMF3
LM 1.599x107* 0.941 2
BR 2.053x107* 0.989 6
VMF4
LM 0.001 2 0.872 1
BR 4.714x107* 0.9950
VMF5
LM 0.001 5 0.853 9
BR 3.750x107* 0.297 3
residual
LM 2.622x107 0.4359
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Fig. 7 Prediction results of degradation processes using

different optimization methods ( No. 36)
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TE No. 9 g fF i, AR SCH ¥5 1) MAPE #H# T VMD-BP #il
VMD-LSTM £ 5 B A T 7. 3% 1 6. 8% , #F No. 22 #8{f
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RIFRAIR T 16. 4% F123. 5% , 7E No. 36 gafFH , AR Uik
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Table 2 Comparison of accuracy of various prediction methods

MOSFET #44: T 75 v RMSE MAPE/%
EKF 0.005 8 11.2
PF 0.007 5 15.9
BP 0.020 1 39.8
LSTM 0.019 2 45.1
NARX 0. 006 2 14.1
No. 9
VMD-BP 0. 005 6 10.3
VMD-LSTM 0. 005 2 9.8
VMD-NARX (LM fi:4k) 0.005 1 9.1
VMD-NARX ( BR fli:1k) 0.004 8 8.3
AR T5 0.001 6 3.0
EKF 0.008 6 12.1
PF 0.010 3 18.5
BP 0.0339 58. 1
LSTM 0.026 6 52.5
NARX 0.015 2 26. 1
No. 22
VMD-BP 0.013 1 20.7
VMD-LSTM 0.015 7 27.8
VMD-NARX (LM {1k ) 0.012 0 17.6
VMD-NARX ( BR fli:1k) 0.004 2 6.3
ARIT5 0.002 6 4.3
EKF 0.001 7 3.2
PF 0.001 2 2.4
BP 0.009 3 16.8
LSTM 0. 006 2 16.2
NARX 0.003 3 6.9
No. 36
VMD-BP 0.002 9 5.4
VMD-LSTM 0. 005 7 11.1
VMD-NARX (LM fi:4k) 0.001 8 3.6
VMD-NARX ( BR {4k ) 0.001 5 3.2
ATy 0. 000 72 1.5
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Fig. 8 Prediction results of degradation trend at various aging times
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Table 3 MOSFET RUL prediction results ( No. 36)

T, Th Tru, Tru, R
130 235. 1 98 105. 1 7.1
140 232.9 88 92.9 4.9
150 232.8 78 82.8 4.8
160 232.5 68 72.5 4.5
170 232. 1 58 62.1 4.1
180 232.0 48 52.0 4.0
190 231.9 38 41.3 3.3
200 231.1 28 31.1 3.1

%5 MOSFET #FRFHHMER (No.9)
Table 5 MOSFET RUL prediction results ( No. 9)

% 4 MOSFET F|s & il R (No. 22)
Table 4 MOSFET RUL prediction results ( No. 22)

T, Ty T, TruL BRI
100 183. 6 79 83.6 4.6
110 180.9 69 70.9 1.9
120 181.8 59 61.8 2.8
130 181.5 49 51.5 2.5
140 180. 8 39 40.8 1.8
150 180. 5 29 30.5 1.5
160 181.1 19 21.1 2.1
170 180.2 9 10.2 1.2
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