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COMPUTATIONAL LITHOGRAPHY
Lithography Basis and Hopkin’s Diffraction Model

▪ Lithography
▪ Transfers chip design pattern onto silicon wafer.
▪ Key technology in chip manufacturing.

▪ Challenges
▪ Extreme shrinking of design 14nm->7nm->N3->… is not aligned with 
lithography system DUV (193) / EUV (13.5). Making lithography a low pass filter.
▪ Designs need to be optimized to compensate distortion.

▪ Lithography modeling
▪ Numerically describe the lithography behavior.
▪ Consider simple case with thin mask model.

▪ Taking SVD of A ▪ Resist approximation



COMPUTATIONAL LITHOGRAPHY
Inverse Lithography and Mask Optimization

▪ Lithography and Inverse Lithography

▪ ILT Objectives

▪ OPC vs ILT vs Curvy ILT
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MASK OPTIMIZATION AND ITS CHALLENGES

▪ Challenges in OPC
▪ Manhattan constraints provides very low solution space, making the design less optimal. 

▪ Challenges in ILT
▪ Pixeled optimization target easily creates rule-violation artifacts.
▪ Hard to honor mask rules.
▪ Post processing loses optimality.
▪ Manhattan design target is hard to achieve.

▪ Our solution
▪ Consider mask rules during the optimization runtime.
▪ Release non-achievable objectives for faster and better convergence.



CURVY DESIGN RETARGETING

▪ Curvy Design Retargeting
▪ Sharp corners in post routing design shapes cannot be manufactured, considering lithography is a low pass filter.
▪ Over optimize these corners will sabotage process variations.
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MASK OPTIMIZATION QUALITY IN CURVY ERA

▪ QoR Evaluation
▪ EPE
▪ Process Viation
▪ Mask Shape Area
▪ Mask Shape Distance
▪ Mask Smoothness

▪ Cost Function
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MASK OPTIMIZATION QUALITY IN CURVY ERA

▪ QoR Evaluation
▪ EPE
▪ Process Viation
▪ Mask Shape Area
▪ Mask Shape Distance
▪ Mask Smoothness

▪ Leverage Morphological Operator
▪ Implemented in a differentiable manner
▪ PlugnPlay for GPU-Accelerated ILT
▪ Erosion removes small artifacts
▪ Dilation merge close shapes



EXPERIMENTS
Dataset

▪ ICCAD’13 CAD Contest
▪ 10 Toy Examples with 10~20 shapes in each clip

▪ LithoBench (NeurIPS’23 Dataset and Benchmark)
▪ https://github.com/shelljane/lithobench
▪ A large collection of metal and via clips for ML purpose
▪ We only take the testing clips extracted from standard cells.

https://github.com/shelljane/lithobench


EXPERIMENTS
Comparison with SOTA

▪ ICCAD’13

▪ LithoBench ▪ Throughput and Efficiency



EXPERIMENTS
Side Effects of Post Processing

▪ Post processing sabotages optimality
▪ EPE violation +20%
▪ MSE +5%

▪ Note: This conclusion could differ as the multiILT is implemented following the manuscript. We tried our best to reproduce the result 
in the paper. 



CONCLUSION
Side Effects of Post Processing

▪ A Fast GPU-Accelerated ILT Alogrithm is Implemented

▪ Curvy Design Retargeting Allows Faster and Better Convergence

▪ Diff Morphological Operator Eliminates Rule-Violating Artifacts During Optimization Runtime Which Avoids Post 
Processing

▪ We are undergoing internal process to release the source code, follow 
https://github.com/phdyang007/curvyILT it could be ready anytime.

https://github.com/phdyang007/curvyILT

