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Abstract This study proposes a fast simulation method that employs machine learning-based parameter calibration
for three-dimensional (3D) rigorous simulation of defective masks in extreme ultraviolet lithography. The
parameters of the structure-decomposed fast simulation model for defective mask diffraction are calibrated using
machine learning methods, such as random forest and K-nearest neighbors, to improve the simulation accuracy and
adaptivity. Herein, rigorous simulation is used as a benchmark standard for the calibration of model parameters.
Simulation results of 50 validation contact masks set randomly reveal that the average simulation accuracy of aerial
images is increased by 45% after calibration; both calibrated and uncalibrated fast models display better simulation
accuracy (improved by 4.3 and 8.7 times, respectively) compared with an advanced single-surface approximation
model. By applying defect-compensation simulation to a mask of 44-nm period, the simulation speed of single
diffraction of the corrected fast model is ~97 times faster than that of the rigorous simulation when the simulation
results are consistent (error is 0.8 nm).

Key words  optical design; extreme ultraviolet lithography; mask diffraction spectrum simulation; structure
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Table 1 Training data for different masks

Mask parameter

Model parameter

Data index

Mask pitch /nm Contact size /nm  h,,/nm  wy, /nm Ay, /M Wiy /nm D best

1 176 91 2 5 20 30 1.104

2 144 70 6 19 20 42 1.082

3 128 60 10 19 23 24 1.073

582 144 67 2 15 8 24 1.069
583 176 89 4 10 4 12 9.802
584 176 92 8 11 20 44 1.098
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Table 2 Testing data for different masks

Mask Contact Model parameter
Data index hep/nm  wy, /nm Ay, /nm wy, /nm
pitch /nm size /nm Original KNN Best
1 176 93 6 12 10 21 1.10 1.19 1.23
2 176 89 10 18 18 25 1.10 1.15 1.15
3 176 83 8 9 8 37 1.10 1.10 1.10
48 144 80 9 7 11 35 1.10 1.09 1.08
49 200 95 6 6 28 33 1.10 1.12 1.10
50 160 83 5 10 11 23 1.10 1.10 1.10
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Fig. 4 Comparison of simulation results for fast models
with and without model parameter calibration

using different machine learning methods
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Table 3 Comparison of simulation accuracy of different parameter calibration methods

Method name RMS mean RMS median RMS min RMS max RMS SD deviation
DT 2.19 1.68 0.54 10.2 1.70
KNN 1.82 1.55 0.23 5.48 1.09
RF 2.10 1.56 0.55 8.23 1.68
Original 3.32 2.53 0.53 9.77 2.58
Best 1.07 0.98 0.16 4.45 0.62
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Fig. 6 Comparison of the aerial images of mask simulations. (a) Rigorous simulation of a defect-free mask; (b) rigorous

simulation of defective uncompensated mask; (c¢) defect compensation using a rigorous model; (d) defect compensation

using a fast model
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