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Research on solder bump defect detection of DDR chip on PCBA

Jiang Ye,Huang Yifan, Xiong Meiming, Liu Zhiyong, Liao Guanglan

(School of Mechanical Science & Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The chip on PCBA is developing towards small size and high density, which make it much difficult to detect micro solder
bump defects inside the package. To address the problems of difficulty and low efficiency in locating internal faults of ICs on industrial
high-density integrated PCBA, a chip-on-board defect detection method combining the infrared thermal imaging and the deep learning
algorithm is proposed, which realizes intelligent defect detection of ICs on PCBA suitable for industrial production scenarios. Taking the
real DDR memory chip on FPGA as the target, the infrared defect detection model is formulated, and the test bench is established to
conduct experimental research on the fault detection of solder bumps in the chip. The designed program realizes the chip data storage and
readout. The infrared image sequence is collected to analyze the temperature evolution of different defect types in the process of DDR
chip reading and writing. The thermal signals of different measurement areas are extracted for defects that are difficult to intuitively
distinguish by infrared images. With the hyperparameter optimization, the CNN classification model realizes efficient and accurate
detection of different defect types, including address, data, and bank address solder joint fault. Furthermore, after transfer learning, the
other 9 different solder joint defects of the chip are accurately identified, and the accuracy is over 95% and over 92% under the
conditions of 10 and 20 dB Gaussian white noise, respectively. It provides an efficient and effective method for microelectronics
packaging and reliability analysis on industrial high-density integrated PCBA.
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Table 1 The influence of optimizer and learning rate on classification results

ESSE 0.000 1 0. 001 0. 005 0.01 0.1

Ria Train Valid Train Valid Valid Train Valid Train Valid
SGD 0.6143  0.6095  0.9952  0.9762 1.00 1.00 1.00 0.2000  0.1982
Adam 1.00 1.00 1.00 1.00 0.8238  0.8157  0.4428  0.4243  0.2047  0.1936

RMSprop 1.00 1.00 0.9381  0.9047  0.4285  0.4238  0.4190  0.4238  0.3619  0.3428
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0. 01 Ff b 28 s e HERR 26, T 5 MERA R W I B, 3 Rl
A8 ABOR I R I R A7 sy o) R I K EOR
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Table 2 The influence of the batch on classification results
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Fig. 6 Training process of the CNN model
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Fig.7 Prediction result of the CNN model
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Table 3 Performance evaluation of the CNN model

br%: KA/ % HER/% WP /% RS
1 1.00 1.00 1.00 14
2 1.00 1.00 1.00 18
3 1.00 1.00 1. 00 16
4 1.00 1.00 1.00 22
5 1.00 1.00 1.00 21
HERf R 1.00 91
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Table 4 Model robustness experiments

BB RY 0 dB 10 dB 20 dB
BE A DO Wi 1. 00 0.996 8 0.948 1
BE S D2 Wi 1. 00 0.975 2 0.957 4
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Hudik 5 A10 W% 1. 00 0.959 0 0.926 7
Mkl A12 W% 1.00 0.959 0 0.926 7

Huhik 2 18] BAO Wik 1.00 0.959 0 0.926 7
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Fig. 8 Model transfer learning experiment
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Fig. 9 Prediction result after transfer learning
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