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Research on virtual metrology method for LCD panel C/FOG
process manufacturing
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Abstract : Aiming at the problems of large measurement delay and unpredictable production abnormalities that cannot be predicted in the
manufacturing process of “Chip/FPC on Glass” (C/FOG) for liquid crystal display (LCD) panels, this paper proposes a virtual
metrology method for C/FOG manufacturing. This method uses sensors installed on the production machine to collect process state data
during the production process and constructs a virtual metrology model based on multi-scale one-dimensional convolution and channel
attention network (MSIDC-CA). Where the state data features in different scale ranges are extracted through multiple scale convolution
kernels. In the preprocessing of original data containing missing values, an improved K-nearest neighbor interpolation method based on
the particle swarm optimization algorithm ( PSO-KNN Interpolation) is proposed to fill in the missing values. This method can reduce the
interference introduced by filling values while retaining the features. Finally, it"s found that the actual defect rate is concentrated
between 0. 1% and 0. 5% according to the experimental comparative analysis carried out for the data collected in actual production. The
fitting mean square error of virtual metrology model is 0. 397 7%o0, which is lower than other existing fitting models. It also outperforms
other existing fitting models under the evaluation indexes including mean absolute error, symmetric mean absolute percentage error and
goodness of fit, which prouides the good predictive performance.
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Fig. 1 Schematic diagram of ACF technology
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Fig.2  Overview of virtual metrology method
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Fig.4 Schematic diagram of virtual metrology model
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Fig. 6 Channel attention schematic diagram
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Table 1 Missing value filling comparison experiment

MSE results %00

WA Linear SVR_rbf RF MLP
Fill Zero 16.796 37  0.41133  0.470 70  0.576 32
Fill Mean 16.796 37  0.41133  0.47070  0.560 67
Fill Median ~ 0.41584  0.41149  0.47501  0.67277
Fill Most 0. 427 49 0.41180 0.47375  0.664 30
Fill Up 0. 426 92 0.41163  0.47100  0.605 64
Fill Down 0.425 76 0.41144  0.46506  0.564 06
Linear 0. 426 77 0.41134  0.47071  0.747 40
KNN 0.42924  0.41142  0.46307  0.690 98
RF 0. 426 69 0.41188  0.45951  0.928 22
PSO-KNN 0. 428 93 0.41127 0.45873  0.577 84
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Table 2 Model parameters of grid search MSE results

%00

LR

2 3 4 5 6
SRR

8 0.4091 0.4055 0.4087 0.4220 0.3979 0.4059

16 0.4075 0.4144 0.4147 0.4091 0.4150 0.4155
24 0.408 8 0.4022 0.4057 0.4058 0.4027 0.4092

32 0.4109 0.4096 0.4076 0.4095 0.3977 0.3995
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Fig. 13 Model training loss graph
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%3 MSIDC-CA(5,32) SREHRSHHE
Table 3 Each layer structure and number of parameters
for MS1DC-CA (5,32)

HEZ) i A ZHHH
Convld-1 [Bs, 32, 49] 64
Convld-2 [Bs, 32, 49] 128
Convld-3 [Bs, 32, 49] 192
Convld-4 [Bs, 32, 49] 256
Convld-5 [Bs, 32, 49] 320
Concat [Bs, 161, 49] 0
Tanh [Bs, 161, 49] 0
AvgPool1d [Bs, 161] 0
Linear-1 [Bs, 161] 25 921
LeakyReLU [Bs, 161] 0
Linear-2 [Bs, 161] 25 921
Sigmoid [Bs, 161] 0
Multiply [Bs, 161, 49] 0
Flatten [Bs, 7 889] 0
Dropout [Bs, 7 889] 0
Linear-3 [Bs, 1] 7 890
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M, AT a] LLUE H iz A58 04 1 5ot R AR PRI
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R 28 LU o A R 00 000 ) g 2 30 2 LR, AR AU A i
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Fig. 14  Test set fitting effect diagram
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Table 4 Comparison results of missing value filling

T MSEd%0  MAE/%  SMAPE/% R2
BPNN 0.5332  0.3893 96. 87 0.022 0
Convld 0.4201  0.3117 69. 37 0.069 3

Attention 0.5770  0.483 6 124. 03 0.0225
1D-ResNet 4.4056  0.788 4 197. 31 0.082 6

Linear 0.4292  0.3233 71.94 -0.029 4
Lasso 0.4118  0.3097 68. 50 0
Ridge 0.4285  0.3230 71.87 -0.028 4

KNeighbors 0.4399  0.3283 73.89 0.030 8
SVR_linear 0.4460  0.3112 72.28 0.059 0
SVR_poly 0.4713  0.3254 72.98 -0.087 4
SVR_tbf 0.4410 0.3139 73.20 0.056 9
SVR_sigmoid 2.0004 0.7785 126.35 0.193 5
DecisionTree 0.6276  0.4713 102.40  -0.063 7
ExtraTree 0.716 7  0.451 6 103.78  -0.048 5
RandomForest 0.4380  0.349 4 73.05 0.074 2
AdaBoost 0.4573  0.4116 80.73 0.092 6

GBDT 0.4521  0.3556 74. 64 0. 005 0
xgboost 0.4730  0.3713 79.33 -0.013 1

MSIDC-CA(5,32) 0.3977  0.300 8 67.38 0.246 0
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