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Wafer Defect Detection and Recognition Based on Local and Nonlocal Linear

Discriminant Analysis and Dynamic Ensemble of Gaussian Mixture Models

YU Jian-Bo! LU Xiao-Lei' ZONG Wei-Zhou!

Abstract The manufacturing process of wafers is very complicated, which involves thin film deposition, chemical me-
chanical polishing, etching, etc. Abnormal variation in the manufacturing processes could result in the generation of defect
patterns on wafers. On the other hand, the defect patterns on the wafer usually indicate the abnormal sources existing
in the manufacturing process. Therefore, wafer defect recognition plays a key role in finding the root causes of the out-
of-control process and improving yield. This paper develops a model for wafer defect detection and recognition based on
manifold learning and dynamic ensemble of Gaussian mixture models (GMMs). A new manifold learning algorithm called
local and nonlocal linear discriminant analysis (LNLDA) is developed, which aims to preserve the geometric structure of
samples that belong to the identical cluster in the low dimensional space while maximizing the distance of the projected
samples from different clusters. Due to the randomness and complexity of wafer defect generation, a dynamic ensemble
scheme for GMMs is proposed to detect and recognize various defect patterns occurring in wafers. The proposed model is
applied to a real-world semiconductor manufacturing process. Experimental results on WM-811K wafer bin map database
approve the effectiveness of the proposed model.
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Fig.6 The flow chart of the proposed method
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Table 2  Best recognition rate (%) of 1NN and subspace dimensionality based on the five data projection algorithms
Algorithm train:test=2:1 train:test=1:1 train:test=1:2
Baseline 66.60 (53) 63.71 (53) 62.38 (53)
PCA 66.81 (11) 63.71 (14) 62.49 (12)
LDA 56.75 (3) 57.57 (21) 64.20 (3)
LPP 80.51 (24) 77.71 (30) 77.06 (29)
LFDA 77.94 (6) 80.29 (5) 79.42 (5)
LNLDA 85.44 (6) 84.71 (10) 84.46 (10)
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Fig.7 The recognition rate of wafer defect pattern with different reduced dimensionality
® 3 AnBBEESER (%)
Table 3  The defect detection rate (%)
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Fig.8 Defect pattern detection by NLLP control chart
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Table 4 The recognition rate based on two different

feature sets (%)
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Table 5  The recognition rate of different defect patterns (%)

7l Center Donut Edge-ring Local Random Edge-local
Center 87 0 0 12 0 1
Donut 0 94 0 6 0 0
Edge-ring 0 0 100 0 0 0
Local 76 0 13
Random 2 93 3
Edge-local 67 75 14 1 75
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Table 6 Comparison of recognition rates of the five classifiers (%)
es o GMM KNN SVM BPN C4.5
Center 87 92 97 95 93
Donut 94 98 100 98 96
Edge-ring 100 100 100 100 100
Local 76 69 68 56 65
Random 93 93 92 94 94
Edge-local 75 66 66 78 56
Average 87.50 86.33 87.17 86.83 84.0
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Fig.11 New defect pattern (local) detection by NLLP control chart
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