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Abstract: The defects of ceramic substrates have a significant impact on the performance of electronic devices. To
enhance the accuracy of defect detection, in this paper, based on the detection method of ceramic substrates by ultrasonic
microscopy scanning, an improved neural network algorithm of YOLOvV5 is proposed. Taking advantage of the
penetrability of ultrasonic detection, a new backbone network is added to comprehensively integrate the echo information
from both the surface and interior of the ceramic substrates. Meanwhile, a polarization attention mechanism is employed
for feature fusion to improve the detection precision, and a lightweight network is integrated to reduce the number of
parameters. Experiments of ultrasonic microscopy scanning on ceramic substrates were carried out to analyze the defect
characteristics and create a dataset. On this dataset, the FusionPol-YOLOv5 model proposed in this paper achieves an
precision of 88. 3% for the detection of 9 types of defects, with an mAP@0. 5 of 91. 7%. It can significantly reduce the
human and material resources consumption and costs in the detection of ceramic substrates.
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Fig. 1 Schematic diagram of internal focusing of

acoustic waves
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Fig. 2 Diagram of reflection of sound wave at sample
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Fig. 3 Part of the ceramic substrate physical picture
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Fig. 4 Time domain diagram of received signal
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Fig. 5 C-scan image of ceramic substrate
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Table 2 Comparison of results of ablation experiments
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Table 3 Comparative test results

1Y Precision/ % Recall/ % mAP@O0.5/% mAP@0.5 : 0.95/% HE A E] / ms
FusionPol-YOLO 88.3 88. 6 91.7 62.5 23.7
YOLOv5s 83. 4 82.3 88.5 57.8 22.4
YOLOvS 85. 8 86. 9 88. 1 61.2 21.5
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Table 4 Comparison of mAP@0. 5 for 9 defects (%)
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Fig. 14 Confusion matrix
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Fig. 15 Visualizing the detection result
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