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Wafer Defect Detection Based on Separable Convolution and Attention Mechanism
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Abstract: A lightweight network based on depthwise separable convolution and the attention mechanism is proposed for
fast detection of surface defects on semiconductor wafers, and experiments are conducted onthe WM-811K dataset. As
the proportions of defects of nine different categories in this dataset are imbalanced, a data enhancement method is used to
expand the data for defect categories with few data. The depthwise separable convolution in this model can reduce the
number of parameters and improve the inference speed of the mode“l. The attention mechanism can make the model pay
more attention to the defective regions in the wafer image so that the model can achieve better classification results. The
experiments show that the average accuracy of the proposed method on the WM-811K dataset is as high as 96.5%, which
is improved to varying degrees compared with that of ANN, VGG16, and MobileNetv2. In addition, the number of
parameters and the amount of operation are only 73.5% and 28.6% of those of the classical lightweight network
MobileNetv2, respeétivély.
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PR FEIE LSRR A 1) o [ A A3 Tt 000 £ 288 1) i =
FRIVEE U FRUIUN P 2 1) 50 5, DA B s o TR0 e 26 28 il
(R E B, A B 3 IR 2K ) g T ey 12 2 W o 25
i), VRS R R (R TN, DA R R T A # L I HL
Foo0F A 4T LB A — AN A R T T ) A
M VE FE B AT LUE th, BEAUGT Donut A1 Random 28
(1) IE# 4> HEECR A ) T 100.0%, X Scratch ZEf IE A
I3 HREURIRF] 99.1%, R A Bm 0 IER AR, 1 IR
XPIX 3 KA IRSRI 5> HERe /). {HJ24E Edge-Loc 2K

ARy P82 R 91.5%, Local Fl1 None 25 /) IE#
Iy ¥R I R 92.6% 1 94.0%. 7 Edge-Loc 2
Wi, WS R 5r 8 Local Al None 28I 3w 4R |k
2.3% M1 2.6%. H1T SR ITITAR I B, 25 B R 0K
B 7 HEaE R T — € R M, SO — 26 i 15 A
A Z R, B0 T AR R R B HERE, B — e
5 HABNBEAT 532K, TG 85 45 1%, 7E Center
Edge-Ring I Near-full [¥] 16 73 #5450 & 73 518 97.9%,
96.7% #1 96.7%.

L

RT O OAFEBRLERA AN _ERIEFE (%) y
Y Center Donut Edge-Loc Edge-Ring Local Random Scratch Near-full None
VGGle6 96.0 99.2 85.6 97.9 749, © 100.0 95.3 93.7 92.0

MobileNetv2 97.9 100.0 90.5 97.0 1897 100.0 99.2 94.6 94.0
SVM 92.7 95.2 54.3 97.1 “113 100.0 64.7 73.0 45.1
ANN 93.7 99.9 77.2 - 96.7 66.4 100.0 98.6 86.8 79.2
Ours 97.9 100.0 91.5 96.7 92.6 100.0 99.1 96.7 94.0

LT s ACHREIEERE (%)

Predicted label ‘Center‘ Donut Edge-Loc Edge-Ring Local Random Scratch Near-full None
Center ' 97.9 0.2 0.0 0.0 1.2 0.0 0.1 0.1 0.5
Donut 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Edge-Loc 0.9 0.1 91.5 1.5 23 0.1 0.2 0.8 2.6
Edge-Ring 0.0 0.0 2.9 96.7 0.0 0.0 0.0 0.0 0.4
Local 1.5 0.9 2.4 0.0 92.6 0.0 0.0 1.4 1.2
Random 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
Scratch 0.2 0.1 0.3 0.0 0.2 0.1 99.1 0.0 0.0
Near-full 0.0 0.0 1.3 0.1 1.6 0.0 0.0 96.7 0.3
None 0.9 0.0 1.6 0.0 1.4 0.0 0.2 1.9 94.0

332 JHAERS

142 9 H1, no_se_model F/RTEAR NI i% FE$
FERESIHLHIRIAETY, no_dpw_model FRIRTEARCHI 75
AT R BE R > B SRR SR 9 T LA H,

A VR BE T 4 B A BN, O ik B

P AT 4 B BB LT AR S5 HOUER %, (1S
S PR T T 40 B A 12.3 4%, T2 50 RV e T
SBEBTR 14.9 1. B VE T LSRR 5
HOERNT 2.1%, (B2 762 5 RS RI0 & 0 T, B
YR S MR TG T 2.3%. 16522 7 e B, R
ThJ AR A S .

KO AT R 4 B BRI B I L E
A Total params ~ FLOPs (M)  Accuracy (%)
no_se model 73495168 0.64 94.2
no_dpw_model 925954560 9.56 96.3
Ours 75068032 0.64 96.5

3.3.3  BEAECSE B
5 a7 P ER AR I R AR ANIRAUE SR b I HER

26 %it+Z71A Special Issue

% \

AR . T LA th, TR CEY 25 AR A8 ey
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TEE 575 14 A epoch-H1ik B KM 99.8%. 7E4IE4E
o, B OHER 274 16 4 epoch FRAAFIE KA 96.5%.
PR T At R AT BB S, T LA oA A
[ epoch Uk FIEL R LR, FFARIEATA R

Accuracy

| 2 = Training Accuracy
' === Validation Accuracy

0 3 6 9
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