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A fault diagnosis algorithm for analog circuits based on self-attention
mechanism deep learning

Yang Dongru' ,Wei Jianwen', Lin Xiongwei’, Liu Ming’, Lu Shengguo'
(1. School of Integrated Circuits, Guangdong University of Technology, Guangzhou 510006, China;
2. School of Microelectronics, Shenzhen Institute of Information Technology, Shenzhen 518000, China)

Abstract: Analog circuit is an essential part of the integrated circuit. One of the current research hotspots in integrated circuit testing is
the detection of faults occurring in analog circuits and the accurate identification of fault types based on deep learning techniques. To
address the difficulties in fault detection of analog integrated circuits, the advanced achievements of artificial intelligence in the field of
image recognition and speech classification is referenced and an analog circuit fault detection idea based on a deep learning algorithm of
self-attention mechanism is proposed, which can be used to detect faults in Sallen-Key low-pass filter circuits. The output signal is
sampled into an audio signal and fed into an audio classification model based on a self-attentive transform network for training, testing,
and optimization. The results show that fault detection based on the self-attentive mechanism audio classification has an average accuracy
of 93. 1% and a maximum accuracy of 98. 1%. Nine different fault types can be detected. The model converges fast and can detect faults
in analog circuits, which thoroughly verifies the feasibility of the proposed idea.
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Fig. 1 Model architecture of analog circuit fault diagnosis based on self-attention mechanism
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Fig.2 Sallen-Key low-pass filter circuit
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Table 1 Component fault types and fault codes

TR A [pe Sy FrfEfE A
0 (oM 1 nF 1.5 nF
1 ¢, | 1 nF 0.5 nF
2 c, 1 1 nF 1.5 nF
3 c, ! 1 nF 0.5 nF
4 EH — —

5 R 1 10 kQ 15 kQ

6 R, | 10 kQ 5kQ

7 Ry 1 10 kQ 15 kQ

8 R, | 10 kQ 5kQ

F2 BB BHERES
Table 2 Analog circuit fault dataset

S [a{esi] KEE/s AR
Ciy ¢ 1 1.5 100
Cy, (o 1.5 100
Con C, 1 1.5 100
Cy, C, 1.5 100
EH EH 1.5 100
Ry R, 1 1.5 100
Ry, R | 1.5 100
Ry R, 1 1.5 100
Ry, R, | 1.5 100
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(b) Signal waveform output form of a normal analog circuit
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(c) Waveform after sampling into audio signal
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Fig.3 Data pre-processing visualization
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Table 3 Comparison of datasets before and after

data augmentation

bnsg R AT 4 B B o fE R
Ciu 100 10 000
Ch 100 10 000
Cop 100 10 000
Cyy 100 10 000
IEH 100 10 000
Ry 100 10 000
Ry 100 10 000
Ry 100 10 000
Ry, 100 10 000
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Fig.4 Data augmentation visualization
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Fig.5 Five-cross validation
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Table 4 Accuracy of various types of fault detection

e R HE B /%
Ciy 94.5
Cy, 96. 4
Coy 97.0
Cy, 95.9
IEH 98. 1
Ry 89.3
. 90. 4
Ry 91.7
Ry, 9.1
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Fig. 7 Experimental setup for testing circuit faults
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Table 5 Algorithm effects comparison

Bk IR ES /%
svme3 4 97.8
Global SVM* 4 100. 0
FA-TM-ELM[* 9 97.8
RBF'® 9 88.0
Bagging RBF NN'*J 9 93.7
Db2 wavelet!”! 9 9.5
MAX multi-wavelet!”’ 9 98.2
1 4k CNN' 9 97.7
PSD-DCNN'# 9 99. 8
AR 9 93.9
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