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• The designs are becoming increasingly complex.

• Billions of transistors on a chip → ... Trillions of polygons.
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While the technology node keeps shrinking ... 3/22

Moore’s Law to Extreme Scaling
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An Inverter Example
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Simplified schematic diagram of a lithographic system.
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Lithographic System
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The Necessity of Optical Proximity Correction (OPC) ...
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When feature is small: what you see ̸= what you want
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No Correction Rule/model-based Assist Features ILT
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Why Inverse Lithography Technology (ILT)?

1 A large optimization space enabled by pixel-based representation.

2 Highly compatible with GPU computation and potentially aided by AI techniques.
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Historical Timeline of OPC Techniques
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• Optimization-based: MOSAIC1, LevelSet-GPU2, CircleOPC3, CTM-SRAF4 ...

• AI-based: DevelSet5, NeuralILT6, Camo7, L2O-ILT8 ...

• Generative-Based: GAN-OPC9, EMOGen10 ...
1Jhih-Rong Gao et al. (2014). “MOSAIC: Mask Optimizing Solution With Process Window Aware Inverse

Correction”. In: Proc. DAC. San Jose, California, 52:1–52:6.
2Ziyang Yu, Guojin Chen, et al. (2021). “A GPU-enabled Level Set Method for Mask Optimization”. In:

Proc. DATE.
3Xinyun Zhang et al. (2024). “Fracturing-aware curvilinear ILT via circular e-beam mask writer”. In:

Proc. DAC, pp. 1–6.
4Ziyang Yu, Peiyu Liao, et al. (2023). “CTM-SRAF: Continuous transmission mask-based constraint-aware

subresolution assist feature generation”. In: IEEE TCAD 42.10, pp. 3402–3411.
5Guojin Chen et al. (2021). “DevelSet: Deep neural level set for instant mask optimization”. In: Proc. ICCAD.
6Bentian Jiang et al. (2020). “Neural-ILT: Migrating ILT to Nerual Networks for Mask Printability and

Complexity Co-optimizaton””. In: Proc. ICCAD.
7Xiaoxiao Liang et al. (2024). “Camo: Correlation-aware mask optimization with modulated reinforcement

learning”. In: Proc. DAC, pp. 1–6.
8Binwu Zhu et al. (2023). “L2O-ILT: Learning to optimize inverse lithography techniques”. In: IEEE TCAD 43.3,

pp. 944–955.
9Haoyu Yang et al. (2018). “GAN-OPC: Mask Optimization with Lithography-guided Generative Adversarial

Nets”. In: Proc. DAC, 131:1–131:6.
10Su Zheng et al. (2024). “EMOGen: Enhancing mask optimization via pattern generation”. In: Proc. DAC,

pp. 1–6. 8/22

Inverse Lithography Technology
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ICCAD Contest 2013 Design GCD layout generated by OpenROAD throuogh FreePDK45
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Gap Between Academia & Industry
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• Memory Limitation: The mask/target pixel image exceeds the capacity of main memory for
storage.

• Computation Limitation: Simulation or optimization processes are computationally
intensive.

Lithography defects:

Slicing
Boundary

Stitching
Error

Design Pattern On-Wafer Image

Lithography
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Gap Between Academia & Industry
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Full Chip ILT System:

…
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Gj
<latexit sha1_base64="EAHo7CrUYWOjOgEVFJRy9dkFpjU=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiILEVCUIQcdIDDAWiT6ktqoc12lNHSeynUqVlY2VP2BhACFWdj6Cjb/BTRmg5UiWj865Vz4+QcKoVK77ZRWWlldW14rrpY3Nre0de3evIeNUYFLHMYtFK0CSMMpJXVHFSCsRBEUBI81gdDn1m2MiJI35rZokpBuhAachxUgZqWfbuhMhNaRKX2U9fZdlPbvsVtwcziLxfkjZr37c6yP8UOvZn51+jNOIcIUZkrLtuYnqaiQUxYxkpU4qSYLwCA1I21COIiK7Ok+eOcdG6TthLMzhysnV3xsaRVJOosBMTmPKeW8q/ue1UxVWu5ryJFWE49lDYcocFTvTGpw+FQQrNjEEYUFNVgcPkUBYmbJKpgRv/suLpHFa8c4rZzde2a/7kKMIB3AIJ+DBBfhwDTWoA4YxPMIzvFjaerJerbfZaMGa3bAPf2C9fwPvj5fI</latexit>

Gj

…

<latexit sha1_base64="E48tpL23vFkNskVBxkaEN/mmhTM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclRkVdWfBjcsKTlvoDCWTpm1o5kFyRyjD/IYbF4q49WfciT9jZupCWw+EHM65l5ycIJFCo21/WkvLK6tr65WN6ubW9s5ubW+/reNUMe6yWMaqG1DNpYi4iwIl7yaK0zCQvBNMbgq/88CVFnF0j9OE+yEdRWIoGEUjeZkXUhwLzFp53q/V7YZdgiwS54fUr7/OSrT6tQ9vELM05BEySbXuOXaCfkYVCiZ5XvVSzRPKJnTEe4ZGNOTaz8rMOTk2yoAMY2VOhKRUf29kNNR6GgZmsoio571C/M/rpTi88jMRJSnyiM0eGqaSYEyKAshAKM5QTg2hTAmTlbAxVZShqalqSnDmv7xI2qcN56JxfufUm24TSlTgEI7gBBy4hCbcQgtcYJDAIzzDi5VaT9ar9TYbXbJmNxzAH1jv39/hlLo=</latexit>

P
<latexit sha1_base64="E48tpL23vFkNskVBxkaEN/mmhTM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclRkVdWfBjcsKTlvoDCWTpm1o5kFyRyjD/IYbF4q49WfciT9jZupCWw+EHM65l5ycIJFCo21/WkvLK6tr65WN6ubW9s5ubW+/reNUMe6yWMaqG1DNpYi4iwIl7yaK0zCQvBNMbgq/88CVFnF0j9OE+yEdRWIoGEUjeZkXUhwLzFp53q/V7YZdgiwS54fUr7/OSrT6tQ9vELM05BEySbXuOXaCfkYVCiZ5XvVSzRPKJnTEe4ZGNOTaz8rMOTk2yoAMY2VOhKRUf29kNNR6GgZmsoio571C/M/rpTi88jMRJSnyiM0eGqaSYEyKAshAKM5QTg2hTAmTlbAxVZShqalqSnDmv7xI2qcN56JxfufUm24TSlTgEI7gBBy4hCbcQgtcYJDAIzzDi5VaT9ar9TYbXbJmNxzAH1jv39/hlLo=</latexit>

P
<latexit sha1_base64="QYa7Tx7W72RPtEA/HmNJaAly288=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLIC5KIqLuDLjQZQX7kDaEyXTSDp08mJkIJWTjxg9x40IRt+78BV35K66cpC609cBwD+fcy9x7vJhRIU3zUyvNzM7NL5QXK0vLK6tr+vpGU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84Vnut24IFzQKr+QoJk6A+iH1KUZSSa6+1Q2QHHh+WlQq03M3pVmWuXrVrJkFjGli/ZCqvX99d/r19lF39fduL8JJQEKJGRKiY5mxdFLEJcWMZJVuIkiM8BD1SUfREAVEOGlxQGbsKqVn+BFXL5RGof6eSFEgxCjwVGe+ppj0cvE/r5NI/8RJaRgnkoR4/JGfMENGRp6G0aOcYMlGiiDMqdrVwAPEEZYqs4oKwZo8eZo0D2rWUe3w0qraDRsKlGEbdmAPLDgGGy6gDg3AkME9PMKTdqs9aM/ay7i1pI0rbMIfaK/feT2bqQ==</latexit>

Gi
<latexit sha1_base64="QYa7Tx7W72RPtEA/HmNJaAly288=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLIC5KIqLuDLjQZQX7kDaEyXTSDp08mJkIJWTjxg9x40IRt+78BV35K66cpC609cBwD+fcy9x7vJhRIU3zUyvNzM7NL5QXK0vLK6tr+vpGU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84Vnut24IFzQKr+QoJk6A+iH1KUZSSa6+1Q2QHHh+WlQq03M3pVmWuXrVrJkFjGli/ZCqvX99d/r19lF39fduL8JJQEKJGRKiY5mxdFLEJcWMZJVuIkiM8BD1SUfREAVEOGlxQGbsKqVn+BFXL5RGof6eSFEgxCjwVGe+ppj0cvE/r5NI/8RJaRgnkoR4/JGfMENGRp6G0aOcYMlGiiDMqdrVwAPEEZYqs4oKwZo8eZo0D2rWUe3w0qraDRsKlGEbdmAPLDgGGy6gDg3AkME9PMKTdqs9aM/ay7i1pI0rbMIfaK/feT2bqQ==</latexit>

Gi

New challenges: Partitioning; Distributed computing; Boundary healing ...

11Shuo Yin et al. (2024). “FuILT: Full chip ilt system with boundary healing”. In: Proc. ISPD, pp. 13–20. 11/22

New Direction: Full-Chip ILT11
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Gradient Fusion:

Tile 1 Tile 3 In Tile 1

In Tile 2

In Tile 3

In Tile 4

<latexit sha1_base64="/te2qxNeuyx2iG31zp3yJ6268Os="></latexit>

rL = r
4X

i=1

Li/4 ⇡
4X

i=1

rLi/4,

=
1

4
(rL1 + rL2 + rL3 + rL4),

=
1

4
(g1 + g2 + g3 + g4).

<latexit sha1_base64="/te2qxNeuyx2iG31zp3yJ6268Os="></latexit>

rL = r
4X

i=1

Li/4 ⇡
4X

i=1

rLi/4,

=
1

4
(rL1 + rL2 + rL3 + rL4),

=
1

4
(g1 + g2 + g3 + g4).Tile 2 Tile 4

<latexit sha1_base64="iGQyt3SD9auTWL+8lD3RQ+s0HL8=">AAACLXicbVDLSsNAFJ34rPUVdelmsChCoSQ1qMuCXbisYB/QhDKZTtqhkwczE6GE/JAbf0UEFxVx6284SYOP1gsD55x7LnfucSNGhTSMmbayura+sVnaKm/v7O7t6weHHRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1JzdZv/tAuKBhcC+nEXF8NAqoRzGSShrozTNoexzhZDQw08RKYfWb13Nu2+Uq/DFdLJisjA/0ilEz8oLLwCxABRTVGugv9jDEsU8CiRkSom8akXQSxCXFjKRlOxYkQniCRqSvYIB8IpwkvzaFp0oZQi/k6gUS5urviQT5Qkx9Vzl9JMdisZeJ//X6sfSunYQGUSxJgOeLvJhBGcIsOjiknGDJpgogzKn6K8RjpHKQKuCyCsFcPHkZdOo187Jm3VmVRrOIowSOwQk4Bya4Ag1wC1qgDTB4BM9gBt60J+1Ve9c+5tYVrZg5An9K+/wCDQGmPw==</latexit> g1

4
+

g2

4

+
g3

4
+

g4

4

<latexit sha1_base64="iGQyt3SD9auTWL+8lD3RQ+s0HL8=">AAACLXicbVDLSsNAFJ34rPUVdelmsChCoSQ1qMuCXbisYB/QhDKZTtqhkwczE6GE/JAbf0UEFxVx6284SYOP1gsD55x7LnfucSNGhTSMmbayura+sVnaKm/v7O7t6weHHRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1JzdZv/tAuKBhcC+nEXF8NAqoRzGSShrozTNoexzhZDQw08RKYfWb13Nu2+Uq/DFdLJisjA/0ilEz8oLLwCxABRTVGugv9jDEsU8CiRkSom8akXQSxCXFjKRlOxYkQniCRqSvYIB8IpwkvzaFp0oZQi/k6gUS5urviQT5Qkx9Vzl9JMdisZeJ//X6sfSunYQGUSxJgOeLvJhBGcIsOjiknGDJpgogzKn6K8RjpHKQKuCyCsFcPHkZdOo187Jm3VmVRrOIowSOwQk4Bya4Ag1wC1qgDTB4BM9gBt60J+1Ve9c+5tYVrZg5An9K+/wCDQGmPw==</latexit> g1

4
+

g2

4

+
g3

4
+

g4

4  

<latexit sha1_base64="Xtu6LLyeSyRBPlbf4mWsJqq11Ys=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEO3lqW1DJ2hn7qe165ZsarWFGiR2AWpQIGma372BxFJAhoqwrGUPduKlZNioRjhNCv3E0ljTMZ4SHuahjig0kmnZ2ToRCsD5EdCv1Chqfp7IsWBlJPA050BViM57+Xif14vUf6lk7IwThQNyWyRn3CkIpRnggZMUKL4RBNMBNN/RWSEdQ5KJ1fWIdjzJy+Sdq1qn1frt/VK47qIowSHcAynYMMFNOAGmtACAg/wBC/wajwaz8ab8T5rXTKKmQP4A+PjG1KNmGk=</latexit>g2

2
+

g4

2

<latexit sha1_base64="Xtu6LLyeSyRBPlbf4mWsJqq11Ys=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEO3lqW1DJ2hn7qe165ZsarWFGiR2AWpQIGma372BxFJAhoqwrGUPduKlZNioRjhNCv3E0ljTMZ4SHuahjig0kmnZ2ToRCsD5EdCv1Chqfp7IsWBlJPA050BViM57+Xif14vUf6lk7IwThQNyWyRn3CkIpRnggZMUKL4RBNMBNN/RWSEdQ5KJ1fWIdjzJy+Sdq1qn1frt/VK47qIowSHcAynYMMFNOAGmtACAg/wBC/wajwaz8ab8T5rXTKKmQP4A+PjG1KNmGk=</latexit>g2

2
+

g4

2  

<latexit sha1_base64="s1SgnB8JmzUuc5tm7ZzeCvuoVIA=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg7cs0lanaBT9FPXsto1y1bFmgItEjsnZcjRcM3PXj8iSUBDRTiWsmtbsXJSLBQjnE5KvUTSGJMRHtCupiEOqHTS6RkTdKyVPvIjoV+o0FT9PZHiQMpx4OnOAKuhnPcy8T+vmyj/0klZGCeKhmS2yE84UhHKMkF9JihRfKwJJoLpvyIyxDoHpZMr6RDs+ZMXSatasc8rtdtauX6dx1GEAziCE7DhAupwAw1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sD4+AZUJZhq</latexit>g3

2
+

g4

2

<latexit sha1_base64="s1SgnB8JmzUuc5tm7ZzeCvuoVIA=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg7cs0lanaBT9FPXsto1y1bFmgItEjsnZcjRcM3PXj8iSUBDRTiWsmtbsXJSLBQjnE5KvUTSGJMRHtCupiEOqHTS6RkTdKyVPvIjoV+o0FT9PZHiQMpx4OnOAKuhnPcy8T+vmyj/0klZGCeKhmS2yE84UhHKMkF9JihRfKwJJoLpvyIyxDoHpZMr6RDs+ZMXSatasc8rtdtauX6dx1GEAziCE7DhAupwAw1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sD4+AZUJZhq</latexit>g3

2
+

g4

2  

<latexit sha1_base64="OobPUuEcH9zePyQy4Bww4MfqDzg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg5ce5JWJ+gU/dRnWe2aZatiTYEWiZ2TMuRouOZnrx+RJKChIhxL2bWtWDkpFooRTielXiJpjMkID2hX0xAHVDrp9IwJOtZKH/mR0C9UaKr+nkhxIOU48HRngNVQznuZ+J/XTZR/6aQsjBNFQzJb5CccqQhlmaA+E5QoPtYEE8H0XxEZYp2D0smVdAj2/MmLpFWt2OeV2m2tXL/O4yjCARzBCdhwAXW4gQY0gcADPMELvBqPxrPxZrzPWgtGPrMPf2B8fANPbZhn</latexit>g1

2
+

g3

2

<latexit sha1_base64="OobPUuEcH9zePyQy4Bww4MfqDzg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg5ce5JWJ+gU/dRnWe2aZatiTYEWiZ2TMuRouOZnrx+RJKChIhxL2bWtWDkpFooRTielXiJpjMkID2hX0xAHVDrp9IwJOtZKH/mR0C9UaKr+nkhxIOU48HRngNVQznuZ+J/XTZR/6aQsjBNFQzJb5CccqQhlmaA+E5QoPtYEE8H0XxEZYp2D0smVdAj2/MmLpFWt2OeV2m2tXL/O4yjCARzBCdhwAXW4gQY0gcADPMELvBqPxrPxZrzPWgtGPrMPf2B8fANPbZhn</latexit>g1

2
+

g3

2  

<latexit sha1_base64="02lskkxSdvWeiRA5nIOW6BESsv0=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEPXztJahs7QT13La9esWFVrCrRI7IJUoEDTNT/7g4gkAQ0V4VjKnm3FykmxUIxwmpX7iaQxJmM8pD1NQxxQ6aTTMzJ0opUB8iOhX6jQVP09keJAykng6c4Aq5Gc93LxP6+XKP/SSVkYJ4qGZLbITzhSEcozQQMmKFF8ogkmgum/IjLCOgelkyvrEOz5kxdJu1a1z6v123qlcV3EUYJDOIZTsOECGnADTWgBgQd4ghd4NR6NZ+PNeJ+1LhnFzAH8gfHxDU3lmGY=</latexit>g1

2
+

g2

2

<latexit sha1_base64="02lskkxSdvWeiRA5nIOW6BESsv0=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEPXztJahs7QT13La9esWFVrCrRI7IJUoEDTNT/7g4gkAQ0V4VjKnm3FykmxUIxwmpX7iaQxJmM8pD1NQxxQ6aTTMzJ0opUB8iOhX6jQVP09keJAykng6c4Aq5Gc93LxP6+XKP/SSVkYJ4qGZLbITzhSEcozQQMmKFF8ogkmgum/IjLCOgelkyvrEOz5kxdJu1a1z6v123qlcV3EUYJDOIZTsOECGnADTWgBgQd4ghd4NR6NZ+PNeJ+1LhnFzAH8gfHxDU3lmGY=</latexit>g1

2
+

g2

2  

<latexit sha1_base64="8d2OlVCNOX1OXPOdor0JMeYynTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIep7/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4bU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/zeMowgmcwjl4cAV1uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wf1Q42a</latexit>g1
<latexit sha1_base64="8d2OlVCNOX1OXPOdor0JMeYynTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIep7/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4bU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/zeMowgmcwjl4cAV1uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wf1Q42a</latexit>g1 

<latexit sha1_base64="f8jVKebh//I5mvNOqnloQXYgTLo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIerX+uWKW3XnIKvEy0kFcjT65a/eIGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqIRdi2VNEbtT+anTsmZVQYkTJQtachc/T0xobHW4ziwnTE1Q73szcT/vG5mwmt/wmWaGZRssSjMBDEJmf1NBlwhM2JsCWWK21sJG1JFmbHplGwI3vLLq6R1UfUuq7X7WqV+m8dRhBM4hXPw4ArqcAcNaAKDCJ7hFd4c4bw4787HorXg5DPH8AfO5w/5z42d</latexit>g4
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12Shuo Yin et al. (2024). “FuILT: Full chip ilt system with boundary healing”. In: Proc. ISPD, pp. 13–20. 12/22
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TorchLitho 2.013

User-friendly, efficient, and scalable differentiable lithography simulation engine based on PyTorch
for large-scale layouts.

Table: Overview comparisons between TorchLitho 2.0 and existing lithography simulator
frameworks.

Model Hopkins Abbe
Custom

Parameters
Large Layout Runtime

ICCAD-13 ✓ ✗ ✗ ✗ fast

TorchLitho ✓ ✓ ✓ ✗ slow

TorchLitho 2.0 ✓ ✓ ✓ ✓ fast

13https://github.com/OpenOPC/TorchLitho-Lite 13/22

Needs of Efficient Differentiable Lithography Simulator
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TorchLitho 2.0


TorchLitho 2.0
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Schematic diagram of differentiable lithography system.
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Abbe Imaging:

I(x, y) =
x

J̃(f , g)

[∣∣∣∣∣
x

H̃(f + f ′, g + g′)Õ(f ′, g′)e2πi[f ′x+g′y] df ′ dg′
∣∣∣∣∣

2]
df dg. (1)

TorchLitho 2.0: Source-level parallel integration for fast Abbe imaging.
Hopkins Imaging:

I(x, y) =
x

Õ(f ′, g′) Õ∗(f ′′, g′′) TCC(f ′, g′, f ′′, g′′)ei2π[(f ′−f ′′)x+(g′−g′′)y] df ′ df ′′ dg′ dg′′, (2)

where the TCC is defined as

TCC(f ′, g′, f ′′, g′′) =
x

J̃(f , g)H(f ′ + f , g′ + g)H∗(f ′′ + f , g′′ + g) df dg. (3)

TorchLitho 2.0: TCC matrix generation using randomized SVD.
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• AutoGrad: TorchLitho provides a customized backward propagation mechanism that
supports automatic differentiation.

• Dynamic Size: It supports variable mask sizes within the same physical environment.

• Batching: The batching axis is designed to fully utilize GPU resources.

Param Type Description Default
Pixel int Pixel size of the mask (unit: nm). 14

Sigma float Source broadening parameter σ. 0.05
NA float Numerical Aperture. 1.35

Wavelength int Illumination wavelength (unit: nm). 193
Defocus List[int] List of defocus values. None
Parallel bool Enable parallel mode for Abbe imaging simulation (performance only; no

physical change).
False

Batch bool Enable a batch dimension to simulate multiple masks at once (inputs must
include a batch axis).

False

Table: Parameter descriptions and defaults for the simulation.
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TorchLitho 2.0 APIs
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Simulation Result
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The first row shows the input mask patterns, the second row shows the corresponding
aerial images, and the third row shows the gradient map of the lithography process.

Experimental results on the ICCAD-2013 contest benchmark with 1 nm2 pixel size.
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Visualization on ICCAD-13 Benchmarks
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The printed images are generated through direct simulation without any partitioning.

(a) Mask of metal layer (b) Printed image of metal
layer

(c) Mask of via layer (d) Printed image of via layer

Experimental results on the full-chip mask of the GCD design, where the mask pattern is optimized using FuILT14.

14Shuo Yin et al. (2024). “FuILT: Full chip ilt system with boundary healing”. In: Proc. ISPD, pp. 13–20. 20/22

Visualization on Full-chip Layouts
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OpenFuILT15

The open-source repository of FuILT based on TorchLitho 2.016.

The logo of OpenFuILT. TorchLitho link OpenFuILT link

OpenFuILT-Eval17: An open-source evaluation framework for full-chip scaled OPC.

15https://github.com/OpenOPC/OpenFuILT
16https://github.com/OpenOPC/TorchLitho-Lite
17https://github.com/OpenOPC/OpenFuILT-Eval 21/22

OpenFuILT
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THANK YOU!
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