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Introduction & Problem

<latexit sha1_base64="gjI9FCmMIxiQfOtZvl/S83ZnnJ8=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq74qsM2lhGMA/ILmF2MkmGzMwuM3fFsKTxV2wsFLH1M+z8GyfJFpp44MLhnHu5954oEdyA5307haXlldW14nppY3Nre8fd3WuYONWU1WksYt2KiGGCK1YHDoK1Es2IjARrRsObid98YNrwWN3DKGGhJH3Fe5wSsFLHPeh2AmCPkKlYjnGQSBwQkQxIxy17FW8KvEj8nJRRjlrH/Qq6MU0lU0AFMabtewmEGdHAqWDjUpAalhA6JH3WtlQRyUyYTR8Y42OrdHEv1rYU4Kn6eyIj0piRjGynJDAw895E/M9rp9C7CjOukhSYorNFvVRgiPEkDdzlmlEQI0sI1dzeiumAaELBZlayIfjzLy+SxmnFv6ic352Vq9d5HEV0iI7QCfLRJaqiW1RDdUTRGD2jV/TmPDkvzrvzMWstOPnMPvoD5/MH5ZqWnA==</latexit>
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Source Mask

<latexit sha1_base64="gckPhibyTeUbaK489T0Z1AZPrnQ=">AAAB/3icbVDLSgNBEJz1bXxFBS9eBoPgKeyKr6PoxWMEo0J2WWYnvXFwZnaZ6RXDmoO/4sWDIl79DW/+jZPHQY0FDUVVN91dSS6FRd//8iYmp6ZnZufmKwuLS8sr1dW1S5sVhkOTZzIz1wmzIIWGJgqUcJ0bYCqRcJXcnvb9qzswVmT6Ars5RIp1tEgFZ+ikuLqRxiHCPZY6Uz0a5oqGCSCLqzW/7g9Ax0kwIjUyQiOufobtjBcKNHLJrG0Ffo5RyQwKLqFXCQsLOeO3rAMtRzVTYKNycH+PbjulTdPMuNJIB+rPiZIpa7sqcZ2K4Y396/XF/7xWgelRVAqdFwiaDxelhaSY0X4YtC0McJRdRxg3wt1K+Q0zjKOLrOJCCP6+PE4ud+vBQX3/fK92fDKKY45ski2yQwJySI7JGWmQJuHkgTyRF/LqPXrP3pv3Pmyd8EYz6+QXvI9vGlCWKg==</latexit>

fnom ± �
<latexit sha1_base64="Vl3RV8+kzJx4iPiRrvnL1iGVitI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjRuhgn1AO5ZMJtOGZpIhyShl6H+4caGIW//FnX9jpu1CWw+EHM65l5ycIOFMG9f9dgpLyyura8X10sbm1vZOeXevqWWqCG0QyaVqB1hTzgRtGGY4bSeK4jjgtBUMr3O/9UiVZlLcm1FC/Rj3BYsYwcZKD91A8lCPYntlt+NeueJW3QnQIvFmpAIz1Hvlr24oSRpTYQjHWnc8NzF+hpVhhNNxqZtqmmAyxH3asVTgmGo/m6QeoyOrhCiSyh5h0ET9vZHhWOfR7GSMzUDPe7n4n9dJTXTpZ0wkqaGCTB+KUo6MRHkFKGSKEsNHlmCimM2KyAArTIwtqmRL8Oa/vEiaJ1XvvHp2d1qpXc3qKMIBHMIxeHABNbiBOjSAgIJneIU358l5cd6dj+lowZnt7MMfOJ8/FTWS6A==</latexit>

M
<latexit sha1_base64="/LxbVAvlEtcsNFDioPjUawcWBic=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjbiqYB/QjiWTybShmWRIMkoZ+h9uXCji1n9x59+YabvQ1gMhh3PuJScnSDjTxnW/ncLS8srqWnG9tLG5tb1T3t1rapkqQhtEcqnaAdaUM0EbhhlO24miOA44bQXD69xvPVKlmRT3ZpRQP8Z9wSJGsLHSQzeQPNSj2F7Z7bhXrrhVdwK0SLwZqcAM9V75qxtKksZUGMKx1h3PTYyfYWUY4XRc6qaaJpgMcZ92LBU4ptrPJqnH6MgqIYqkskcYNFF/b2Q41nk0OxljM9DzXi7+53VSE136GRNJaqgg04eilCMjUV4BCpmixPCRJZgoZrMiMsAKE2OLKtkSvPkvL5LmSdU7r57dnVZqV7M6inAAh3AMHlxADW6gDg0goOAZXuHNeXJenHfnYzpacGY7+/AHzucPEKaS5Q==</latexit>

J Proj.
<latexit sha1_base64="YPgTxVWmuRUIeVcCQ4kWsuuVsIM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRTZcV7APasWQyaRuaSYYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiDkcM695OQEMWfauO63U1hZXVvfKG6WtrZ3dvfK+wctLRNFaJNILlUnwJpyJmjTMMNpJ1YURwGn7WB8m/ntR6o0k+LeTGLqR3go2IARbKz00AskD/Uksldan/bLFbfqzoCWiZeTCuRo9MtfvVCSJKLCEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcAR1X46Sz1FJ1YJ0UAqe4RBM/X3RoojnUWzkxE2I73oZeJ/Xjcxg2s/ZSJODBVk/tAg4chIlFWAQqYoMXxiCSaK2ayIjLDCxNiiSrYEb/HLy6R1VvUuqxd355XaTV5HEY7gGE7BgyuoQR0a0AQCCp7hFd6cJ+fFeXc+5qMFJ985hD9wPn8ADZyS4w==</latexit>
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The Challenge: AI for Computational Lithography

- Key Problem: Traditional physical simulators 
are too slow (>103 CPU-hours/mm2), making 
design optimization impractical. 

- ML Promise: Fast, data-driven surrogate 
models can learn the mapping M → R.

The Data Gap: Why Current Benchmarks Fail

- Consequence: not suitable for RETs.

LithoSim Benchmark

!

<latexit sha1_base64="Kznfy7s4s3/br9JA6AMe4y2h1fY=">AAACF3icbZDLSsNAFIYnXmu9RV26GSyCIISkeNsIpW5cdFHBXqANYTKdtkMnkzAzEUrIW7jxVdy4UMSt7nwbJ20WvfjDwMd/zmHO+f2IUals+9dYWV1b39gsbBW3d3b39s2Dw6YMY4FJA4csFG0fScIoJw1FFSPtSBAU+Iy0/NFdVm89ESFpyB/VOCJugAac9ilGSlueaXUDpIYYsaSW3s6wl9Sb1fR8zqmVU88s2ZY9EVwGJ4cSyFX3zJ9uL8RxQLjCDEnZcexIuQkSimJG0mI3liRCeIQGpKORo4BIN5nclcJT7fRgPxT6cQUn7uxEggIpx4GvO7M95WItM/+rdWLVv3ETyqNYEY6nH/VjBlUIs5BgjwqCFRtrQFhQvSvEQyQQVjrKog7BWTx5GZply7myLh8uSpVqHkcBHIMTcAYccA0q4B7UQQNg8AxewTv4MF6MN+PT+Jq2rhj5zBGYk/H9B/INoGs=</latexit>

L = LPV B + LL2

OPC Backward

!

SMO Backward

<latexit sha1_base64="Vl3RV8+kzJx4iPiRrvnL1iGVitI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjRuhgn1AO5ZMJtOGZpIhyShl6H+4caGIW//FnX9jpu1CWw+EHM65l5ycIOFMG9f9dgpLyyura8X10sbm1vZOeXevqWWqCG0QyaVqB1hTzgRtGGY4bSeK4jjgtBUMr3O/9UiVZlLcm1FC/Rj3BYsYwcZKD91A8lCPYntlt+NeueJW3QnQIvFmpAIz1Hvlr24oSRpTYQjHWnc8NzF+hpVhhNNxqZtqmmAyxH3asVTgmGo/m6QeoyOrhCiSyh5h0ET9vZHhWOfR7GSMzUDPe7n4n9dJTXTpZ0wkqaGCTB+KUo6MRHkFKGSKEsNHlmCimM2KyAArTIwtqmRL8Oa/vEiaJ1XvvHp2d1qpXc3qKMIBHMIxeHABNbiBOjSAgIJneIU358l5cd6dj+lowZnt7MMfOJ8/FTWS6A==</latexit>

M
<latexit sha1_base64="/LxbVAvlEtcsNFDioPjUawcWBic=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjbiqYB/QjiWTybShmWRIMkoZ+h9uXCji1n9x59+YabvQ1gMhh3PuJScnSDjTxnW/ncLS8srqWnG9tLG5tb1T3t1rapkqQhtEcqnaAdaUM0EbhhlO24miOA44bQXD69xvPVKlmRT3ZpRQP8Z9wSJGsLHSQzeQPNSj2F7Z7bhXrrhVdwK0SLwZqcAM9V75qxtKksZUGMKx1h3PTYyfYWUY4XRc6qaaJpgMcZ92LBU4ptrPJqnH6MgqIYqkskcYNFF/b2Q41nk0OxljM9DzXi7+53VSE136GRNJaqgg04eilCMjUV4BCpmixPCRJZgoZrMiMsAKE2OLKtkSvPkvL5LmSdU7r57dnVZqV7M6inAAh3AMHlxADW6gDg0goOAZXuHNeXJenHfnYzpacGY7+/AHzucPEKaS5Q==</latexit>

J

!! !

<latexit sha1_base64="FXrYk9BFH7UV/gB51RZx5V27vBI="></latexit>

LL2 = |Rnorm � T |
<latexit sha1_base64="uZXlHa47jvs5AqaonkylazQZthM="></latexit>

LPV B = |Rmax �Rmin|

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="X0G/8QHtq+yUywVk2GbeYPP/N9k=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx68RjFPCBZwuykNxkyO7vMzAphyR948aCIV//Im3/jJNmDJhY0FFXddHcFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUeOifdUtmtuFOQReLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6aVjcmyVHgljZUsaMlV/T2Q00noUBbYzomag572J+J/XTk147WdcJqlByWaLwlQQE5PJ26THFTIjRpZQpri9lbABVZQZG07RhuDNv7xIGmcV77JycX9ert7kcRTgEI7gFDy4gircQQ3qwCCEZ3iFN2fovDjvzsesdcnJZw7gD5zPHx3wjRo=</latexit>

&

<latexit sha1_base64="X0G/8QHtq+yUywVk2GbeYPP/N9k=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx68RjFPCBZwuykNxkyO7vMzAphyR948aCIV//Im3/jJNmDJhY0FFXddHcFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUeOifdUtmtuFOQReLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6aVjcmyVHgljZUsaMlV/T2Q00noUBbYzomag572J+J/XTk147WdcJqlByWaLwlQQE5PJ26THFTIjRpZQpri9lbABVZQZG07RhuDNv7xIGmcV77JycX9ert7kcRTgEI7gFDy4gircQQ3qwCCEZ3iFN2fovDjvzsesdcnJZw7gD5zPHx3wjRo=</latexit>

&

<latexit sha1_base64="9lrHCeCH2czseLg3N0HBSfGmBps=">AAACDnicbVDJSgNBEO1xjXEb9ehlMATEQ5gRt2MwFy9iBLNAEkNPTyVp0rPQXSMJw3yBF3/FiwdFvHr25t/YWQ6a+KCpx3tVdNVzI8EV2va3sbC4tLyymlnLrm9sbm2bO7tVFcaSQYWFIpR1lyoQPIAKchRQjyRQ3xVQc/ulkV97AKl4GNzhMIKWT7sB73BGUUttM990wwF4iS7CU0Nfl+Q6bTcRBpjclEvpfXKUpm0zZxfsMax54kxJjkxRbptfTS9ksQ8BMkGVajh2hK2ESuRMQJptxgoiyvq0Cw1NA+qDaiXjc1IrrxXP6oRSvwCtsfp7IqG+Gq2qO32KPTXrjcT/vEaMnYtWwoMoRgjY5KNOLCwMrVE2lsclMBRDTSiTXO9qsR6VlKFOMKtDcGZPnifV44JzVji9PckVL6dxZMg+OSCHxCHnpEiuSJlUCCOP5Jm8kjfjyXgx3o2PSeuCMZ3ZI39gfP4A10GdPw==</latexit>

M⇤
OPC

<latexit sha1_base64="UoplQXRYr/YPwiqQBBQ2xGrObq4=">AAACDnicbVDJSgNBEO2JW4xb1KOXwRAQD2FG3I5BL16CEc0CSQw9PZWkSc9Cd40kDPMFXvwVLx4U8erZm39jZzlo4oOmHu9V0VXPCQVXaFnfRmphcWl5Jb2aWVvf2NzKbu9UVRBJBhUWiEDWHapAcB8qyFFAPZRAPUdAzelfjvzaA0jFA/8OhyG0PNr1eYczilpqZ/NNJxiAG+siXDX0dIlLSbuJMMD4tnSd3MeHSdLO5qyCNYY5T+wpyZEpyu3sV9MNWOSBj0xQpRq2FWIrphI5E5BkmpGCkLI+7UJDU596oFrx+JzEzGvFNTuB1M9Hc6z+noipp0ar6k6PYk/NeiPxP68RYee8FXM/jBB8NvmoEwkTA3OUjelyCQzFUBPKJNe7mqxHJWWoE8zoEOzZk+dJ9ahgnxZObo5zxYtpHGmyR/bJAbHJGSmSK1ImFcLII3kmr+TNeDJejHfjY9KaMqYzu+QPjM8f60idTA==</latexit>

M⇤
SMO

<latexit sha1_base64="Tqr9aaCuB+/n1J/CthzjGctZxi8=">AAACDnicbVDJSgNBEO2JW4xb1KOXwRAQD2FG3I5BLyKIEc0CSQw9PZWkSc9Cd40kDPMFXvwVLx4U8erZm39jZzlo4oOmHu9V0VXPCQVXaFnfRmpufmFxKb2cWVldW9/Ibm5VVBBJBmUWiEDWHKpAcB/KyFFALZRAPUdA1emdD/3qA0jFA/8OByE0PdrxeZszilpqZfMNJ+iDG+siXDXwdIkvk1YDoY/x7dV1ch/vJ0krm7MK1gjmLLEnJEcmKLWyXw03YJEHPjJBlarbVojNmErkTECSaUQKQsp6tAN1TX3qgWrGo3MSM68V12wHUj8fzZH6eyKmnhquqjs9il017Q3F/7x6hO3TZsz9MELw2fijdiRMDMxhNqbLJTAUA00ok1zvarIulZShTjCjQ7CnT54llYOCfVw4ujnMFc8mcaTJDtkle8QmJ6RILkiJlAkjj+SZvJI348l4Md6Nj3FrypjMbJM/MD5/AOaJnUk=</latexit>

J⇤
SMO

Lithography
Simulation

<latexit sha1_base64="nv/Zc/qhgAh4NmCCCVNH5ktcBGo=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKcyI2zEoisco2SAZQk+nJ2nS0zN01xjDmE/x4kERr36JN//GznLQxAcFj/eqqKrnx4JrcJxvK7O0vLK6ll3PbWxube/Y+d2ajhJFWZVGIlINn2gmuGRV4CBYI1aMhL5gdb9/NfbrD0xpHskKDGPmhaQrecApASO17XwL2CMApPfXFXwjosGobRecojMBXiTujBTQDOW2/dXqRDQJmQQqiNZN14nBS4kCTgUb5VqJZjGhfdJlTUMlCZn20snpI3xolA4OImVKAp6ovydSEmo9DH3TGRLo6XlvLP7nNRMILryUyzgBJul0UZAIDBEe54A7XDEKYmgIoYqbWzHtEUUomLRyJgR3/uVFUjsuumfF07uTQulyFkcW7aMDdIRcdI5K6BaVURVRNEDP6BW9WU/Wi/VufUxbM9ZsZg/9gfX5A0I8lAM=</latexit>

RET Flow

<latexit sha1_base64="DzZex8YLYKXGz+hnf+P302sqwkE=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCVdgVX2UwjZ0RzAOSEGYnN8mQ2Z1l5q4kLMHGX7GxUMTWr7Dzb5w8Ck08MHA4517unONHUhh03W8ntbS8srqWXs9sbG5t72R39ypGxZpDmSupdM1nBqQIoYwCJdQiDSzwJVT9fnHsVx9AG6HCexxG0AxYNxQdwRlaqZU9aPhqAO2kgTDA5LZUpCrGKMbRqJXNuXl3ArpIvBnJkRlKrexXo614HECIXDJj6p4bYTNhGgWXMMo0YgMR433WhbqlIQvANJNJhBE9tkqbdpS2L0Q6UX9vJCwwZhj4djJg2DPz3lj8z6vH2LlqJiK0mSDk00OdWFJUdNwHbQsNHOXQEsa1sH+lvMc042hby9gSvPnIi6Rymvcu8ud3Z7nC9ayONDkkR+SEeOSSFMgNKZEy4eSRPJNX8uY8OS/Ou/MxHU05s5198gfO5w8RtJfh</latexit>

OPC output

<latexit sha1_base64="mTgEP28kJ4wOi7hiwP6J8ZAc9hA=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwCrviqwza2IgRzQOSEGYnN8mQ2Z1l5q4kLMHGX7GxUMTWr7Dzb5w8Ck08MHA4517unONHUhh03W9nbn5hcWk5tZJeXVvf2MxsbZeMijWHIldS6YrPDEgRQhEFSqhEGljgSyj73cuhX34AbYQK77EfQT1g7VC0BGdopUZmt+arHjSTGkIPk7vrG6pijGIcDBqZrJtzR6CzxJuQLJmg0Mh81ZqKxwGEyCUzpuq5EdYTplFwCYN0LTYQMd5lbahaGrIATD0ZRRjQA6s0aUtp+0KkI/X3RsICY/qBbycDhh0z7Q3F/7xqjK3zeiJCmwlCPj7UiiVFRYd90KbQwFH2LWFcC/tXyjtMM462tbQtwZuOPEtKRznvNHdye5zNX0zqSJE9sk8OiUfOSJ5ckQIpEk4eyTN5JW/Ok/PivDsf49E5Z7KzQ/7A+fwBJeKX7g==</latexit>

SMO output

- ❌ Outdated: 32-45nm nodes, not sub-28nm. 
- ❌ Small Scale: missing proximity effects. 
- ❌ Lack of Variations: fixed sources, no OPC 

masks, no realistic dose/defocus variations.

<latexit sha1_base64="7dM7whxoipzKMJF4fLZjfDyvyKQ=">AAACGnicbVC7TsMwFHXKq5RXgJHFokJiqhLEa6xgYUEqiD6kJqocx2mtOnFkO0AV5TtY+BUWBhBiQyz8DU6bobQcybpH59wr33u8mFGpLOvHKC0sLi2vlFcra+sbm1vm9k5L8kRg0sSccdHxkCSMRqSpqGKkEwuCQo+Rtje8zP32PRGS8uhOjWLihqgf0YBipLTUM23H44/ET3VhvhyFuqTXGXQE7Q8UEoI/wGnrNst6ZtWqWWPAeWIXpAoKNHrml+NznIQkUpghKbu2FSs3RUJRzEhWcRJJYoSHqE+6mkYoJNJNx6dl8EArPgy40C9ScKxOT6QolPluujNEaiBnvVz8z+smKjh3UxrFiSIRnnwUJAwqDvOcoE8FwYqNNEFYUL0rxAMkEFY6zYoOwZ49eZ60jmr2ae3k5rhavyjiKIM9sA8OgQ3OQB1cgQZoAgyewAt4A+/Gs/FqfBifk9aSUczsgj8wvn8B0leinw==</latexit>

M ! R

Physics-informed model

Data-driven model

<latexit sha1_base64="MKbFw/N9PRfEGAWxpC1pjsg/Rq0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBSmJ+FoW3bisYB/QhHIznbRDJ5MwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feEyScKe0431ZhZXVtfaO4Wdra3tkt23v7LRWnktAmiXksOwEoypmgTc00p51EUogCTtvB6Hbqtx+pVCwWD3qcUD+CgWAhI6CN1LPLVQ94MoRT7AVUw0nPrjg1Zwa8TNycVFCORs/+8voxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/NDp/gY6P0cRhLU0Ljmfp7IoNIqXEUmM4I9FAtelPxP6+b6vDaz5hIUk0FmS8KU451jKcp4D6TlGg+NgSIZOZWTIYggWiTVcmE4C6+vExaZzX3snZxf16p3+RxFNEhOkJV5KIrVEd3qIGaiKAUPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8wdaSpJC</latexit>

(↵,�)
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="vyMJjTBQ4fKYBt9q7SniAEyjXR0="></latexit>

M ⇥ (J ,↵,�) ! R❌ ✅

Our Contribution: First Holistic Dataset

- >4 Million high-resolution input-output pairs. 
- Systematically incorporates real-world 

variations.

Key Features of LithoSim

dose var.
(exposure area diff.)

defocus var.
(slightly contour diff.)

source var.
(contour correction diff.)Mask

- Diverse Masks: Sub-28nm technology nodes. 
- Extensive Source Variations: Over 600 

distinct illumination shapes (Annular, Dipole, 
Quasar). 

- Realistic Process Variations: 13 levels 
dose, 5 offsets defocus. 

- OOD Test Set: Evaluates generalization to 
unseen mask layouts and source types.

Experiments & Results
Baseline Models Evaluated
- Data-Driven: ED-CNN, ED-Trans 
- Physics-Informed: FNO-based models, SOCS 
- Upper Bound: Electromagnetic (EM) Approx.

Baseline Models Evaluated

- AI Performance: MSE, PA, IOU. 
- Lithographic Fidelity: Edge Placement Error. 
- Speed: Turnaround Time (TAT).

Result: In-Distribution Performance
- Physics-informed models and data-driven 

models achieve competitive, high-fidelity 
simulation, thanks to LithoSim's scale and 
diversity.

Result: Superior Generalization (OOD)

- Big Finding: SOCS, the most physics-grounded 
model, demonstrates the best generalization. 

- Takeaway: physics-informed architectures are 
crucial for robustness.

<latexit sha1_base64="AvCqjnOudHp1q0Xcn0ZCboDI6kg=">AAAB8XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgxKwGMEs2AyhJ5OTdKkp2forhHDkL/w4kERr/6NN//GznLQ6IOCx3tVVNULEikMuu6Xk1taXlldy68XNja3tneKu3sNE6eaQ53HMtatgBmQQkEdBUpoJRpYFEhoBsPrid98AG1ErO5wlIAfsb4SoeAMrXTfQXjErFqrjrvFklt2p6B/iTcnJTJHrVv87PRinkagkEtmTNtzE/QzplFwCeNCJzWQMD5kfWhbqlgExs+mF4/pkVV6NIy1LYV0qv6cyFhkzCgKbGfEcGAWvYn4n9dOMbz0M6GSFEHx2aIwlRRjOnmf9oQGjnJkCeNa2FspHzDNONqQCjYEb/Hlv6RxUvbOy2e3p6XK1TyOPDkgh+SYeOSCVMgNqZE64USRJ/JCXh3jPDtvzvusNefMZ/bJLzgf347tkNs=</latexit>

EPE

<latexit sha1_base64="KEFLJGcaS9g8EQwlxrYwELS+opQ=">AAAB+XicbVDLSsNAFJ3UV62vqEs3wSK4Kon4Whal4LKCfUAbwmQ6bYfOTMLMTWkJ+RM3LhRx65+482+ctllo64ELh3Pu5d57wpgzDa77bRXW1jc2t4rbpZ3dvf0D+/CoqaNEEdogEY9UO8SaciZpAxhw2o4VxSLktBWO7md+a0yVZpF8gmlMfYEHkvUZwWCkwLa7QCeQ1uq1LEgFnmSBXXYr7hzOKvFyUkY56oH91e1FJBFUAuFY647nxuCnWAEjnGalbqJpjMkID2jHUIkF1X46vzxzzozSc/qRMiXBmau/J1IstJ6K0HQKDEO97M3E/7xOAv1bP2UyToBKsljUT7gDkTOLwekxRQnwqSGYKGZudcgQK0zAhFUyIXjLL6+S5kXFu65cPV6Wq3d5HEV0gk7ROfLQDaqiB1RHDUTQGD2jV/RmpdaL9W59LFoLVj5zjP7A+vwB+NyT5Q==</latexit>

EPEmax

<latexit sha1_base64="xTHXJYI2pIcSSVYUAe7AiZa1UDM=">AAAB8XicdVDLSsNAFL2pr1pfUZduBovgKiRite6KblxW6AvbUCbTSTt0MgkzE6GE/oUbF4q49W/c+TdO2go+DwwczrmXOfcECWdKu+67VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPxVe6376hULBYNPUmoH+GhYCEjWBvpthdhPQrCrDHt22XXqVTdi6qLfhPPcWcowwL1vv3WG8QkjajQhGOlup6baD/DUjPC6bTUSxVNMBnjIe0aKnBElZ/NEk/RkVEGKIyleUKjmfp1I8ORUpMoMJN5QvXTy8W/vG6qw6qfMZGkmgoy/yhMOdIxys9HAyYp0XxiCCaSmayIjLDERJuSSqaEz0vR/6R14nhnTuXmtFy7XNRRhAM4hGPw4BxqcA11aAIBAffwCE+Wsh6sZ+tlPlqwFjv78A3W6wdMLZFc</latexit>

T

<latexit sha1_base64="p9oDsVVYAJIXvA1DPs2z8YYgn4w=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsq9oFtKZn0ThuayQxJRihD/8KNC0Xc+jfu/Bsz7Sy0eiBwOOdecu7xY8G1cd0vp7C0vLK6VlwvbWxube+Ud/eaOkoUwwaLRKTaPtUouMSG4UZgO1ZIQ19gyx9fZ37rEZXmkbw3kxh7IR1KHnBGjZUeuiE1Iz9I76b9csWtujOQv8TLSQVy1Pvlz+4gYkmI0jBBte54bmx6KVWGM4HTUjfRGFM2pkPsWCppiLqXzhJPyZFVBiSIlH3SkJn6cyOlodaT0LeTWUK96GXif14nMcFlL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSSVbgrd48l/SPKl659Wz29NK7SqvowgHcAjH4MEF1OAG6tAABhKe4AVeHe08O2/O+3y04OQ7+/ALzsc3xruRAA==</latexit>

R
<latexit sha1_base64="+n7sFdrS7zlh5b1t2t7p5vlM8aU=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJq0+6KblxWsQ9oQplMJ+3QySTMTAol9E/cuFDErX/izr9x0lZQ0QMDh3Pu5Z45YcqoVLb9Yaytb2xubZd2yrt7+weH5tFxRyaZwKSNE5aIXogkYZSTtqKKkV4qCIpDRrrh5Lrwu1MiJE34vZqlJIjRiNOIYqS0NDBNf4xU7sdIjcMov5vPB2bFtmpuo+7WoG05Dc91CmLb9arnQUeTAhWwQmtgvvvDBGcx4QozJGXfsVMV5EgoihmZl/1MkhThCRqRvqYcxUQG+SL5HJ5rZQijROjHFVyo3zdyFEs5i0M9WUSUv71C/MvrZyqqBznlaaYIx8tDUcagSmBRAxxSQbBiM00QFlRnhXiMBMJKl1XWJXz9FP5POq7l1KzL22qlebWqowROwRm4AA7wQBPcgBZoAwym4AE8gWcjNx6NF+N1ObpmrHZOwA8Yb5+ajZRT</latexit>

R̂eval. point

Broader Impact

- Enables the development of fast, accurate, and 
robust ML-based lithography simulators. 

- Foundation for CUDA-based, differentiable 
RET flows.

…

Patch
<latexit sha1_base64="U5NgBVzIfpRXf++zdbcOGRje1VE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1kUxGUF+4DpUDJppg3NJENyRyhDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJoIbcN1vp7Syura+Ud6sbG3v7O5V9w/aRqWashZVQuluSAwTXLIWcBCsm2hG4lCwTji+zf3OE9OGK/kIk4QFMRlKHnFKwEp+LyYwokRkd9N+tebW3RnwMvEKUkMFmv3qV2+gaBozCVQQY3zPTSDIiAZOBZtWeqlhCaFjMmS+pZLEzATZLPIUn1hlgCOl7ZOAZ+rvjYzExkzi0E7mEc2il4v/eX4K0XWQcZmkwCSdfxSlAoPC+f14wDWjICaWEKq5zYrpiGhCwbZUsSV4iycvk/ZZ3busXzyc1xo3RR1ldISO0Sny0BVqoHvURC1EkULP6BW9OeC8OO/Ox3y05BQ7h+gPnM8feyeRZg==</latexit>F

<latexit sha1_base64="HOqEWEuUyQDclFYBagEiiAWbrFw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtSwK4rKCfUAby2Q6aYdOJmFmUighf+LGhSJu/RN3/o2TNgttPTBwOOde7pnjx5wp7Tjf1tLyyuraemmjvLm1vbNr7+03VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOWPbnO/NaZSsUg86klMvRAPBAsYwdpIPdvuhlgPCebpXfaUnrpZz644VWcKtEjcglSgQL1nf3X7EUlCKjThWKmO68TaS7HUjHCalbuJojEmIzygHUMFDqny0mnyDB0bpY+CSJonNJqqvzdSHCo1CX0zmedU814u/ud1Eh1ceykTcaKpILNDQcKRjlBeA+ozSYnmE0MwkcxkRWSIJSbalFU2JbjzX14kzbOqe1m9eDiv1G6KOkpwCEdwAi5cQQ3uoQ4NIDCGZ3iFNyu1Xqx362M2umQVOwfwB9bnD1qrk30=</latexit>

F�1

… … …

Merge

<latexit sha1_base64="Mpz3hOkPTIDGav9PlnuYU4s0kLM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u8hjZnrlilf1ZnCXiZ+TCuSo98pf3b6iacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKoldEmSzayfuiVX6bqS0LYnuTP09kZHYmHEc2s6Y4NAselPxP6+TYnQdZFwmKTJJ54uiVLio3Onrbp9rRlGMLSFUc3urS4dEE4o2oJINwV98eZk0z6r+ZfXi/rxSu8njKMIRHMMp+HAFNbiDOjSAwiM8wyu8Ocp5cd6dj3lrwclnDuEPnM8fuWuPPg==</latexit>⇥

RFNO Truncation

<latexit sha1_base64="Mpz3hOkPTIDGav9PlnuYU4s0kLM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u8hjZnrlilf1ZnCXiZ+TCuSo98pf3b6iacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKoldEmSzayfuiVX6bqS0LYnuTP09kZHYmHEc2s6Y4NAselPxP6+TYnQdZFwmKTJJ54uiVLio3Onrbp9rRlGMLSFUc3urS4dEE4o2oJINwV98eZk0z6r+ZfXi/rxSu8njKMIRHMMp+HAFNbiDOjSAwiM8wyu8Ocp5cd6dj3lrwclnDuEPnM8fuWuPPg==</latexit>⇥

<latexit sha1_base64="Mpz3hOkPTIDGav9PlnuYU4s0kLM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u8hjZnrlilf1ZnCXiZ+TCuSo98pf3b6iacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKoldEmSzayfuiVX6bqS0LYnuTP09kZHYmHEc2s6Y4NAselPxP6+TYnQdZFwmKTJJ54uiVLio3Onrbp9rRlGMLSFUc3urS4dEE4o2oJINwV98eZk0z6r+ZfXi/rxSu8njKMIRHMMp+HAFNbiDOjSAwiM8wyu8Ocp5cd6dj3lrwclnDuEPnM8fuWuPPg==</latexit>⇥

……

annular source

<latexit sha1_base64="iL8DgY2ci0ZpTBk1K+17KQX0eZQ=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQ2Z1lplcJSz7DiwdFvPo13vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8Hoduq3Hrk2QsUPOE64H9FBLELBKFqp09ViMESqtXrqlStu1Z2BLBMvJxXIUe+Vv7p9xdKIx8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y2lMI278bHbyhJxYpU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TcZIij9l8UZhKgopM/yd9oTlDObaEMi3srYQNqaYMbUolG4K3+PIyaZ5Vvcvqxf15pXaTx1GEIziGU/DgCmpwB3VoAAMFz/AKbw46L8678zFvLTj5zCH8gfP5A8X7kZc=</latexit>! …

(a)

defocus [-80, +80]
<latexit sha1_base64="m5K0zqbOoST9ReGTg6xNaxSaP70=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKr2PQi8cI5gHJEmYnvcmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHstHM07Qj+hA8pAzaqzUqnQDNPSsVyq7VXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6 gynAmcFLupxoSyER1gx1JJI9R+Njt3Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJb/yMyyQ1KNl8UZgKYmIy/Z30uUJmxNgSyhS3txI2pIoyYxMq2hC8xZeXSfO86l1VLx8uyrXbPI4CHMMJVMCDa6jBPdShAQxG8Ayv8OYkzovz7nzMW1ecfOYI/sD5/AGOq48T</latexit>

(�)

optical
model

! !

<latexit sha1_base64="G9Pt7qLBBc2TUrUlr5rsr2YnwAo=">AAACD3icbVA9SwNBEN2L3/EramlzGBSrcCd+lUEbOyOYKORC2NtMkiV7u8funBqO+wc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeWEsuEHP+3ZyM7Nz8wuLS/nlldW19cLGZs2oRDOoMiWUvg2pAcElVJGjgNtYA41CATdh73zg39yBNlzJa+zH0IhoR/I2ZxSt1CzsBQYp62kQaYDwgOll5TzL0kAo2dG800WqtbrPmoWiV/KGcKeJPyZFMkalWfgKWoolEUhkghpT970YGynVyJmALB8kBmK7mHagbqmkEZhGOvwnc3et0nLbStuS6A7V3xMpjYzpR6HtjCh2zaQ3EP/z6gm2Txspl3GCINloUTsRLip3EI7b4hoYir4llGlub3VZl2rK0EaYtyH4ky9Pk9pByT8uHV0dFstn4zgWyTbZIfvEJyekTC5IhVQJI4/kmbySN+fJeXHenY9Ra84Zz2yRP3A+fwBc7J4m</latexit>

OPC�!

Metal OPC-Metal Via OPC-Via

! !

<latexit sha1_base64="G9Pt7qLBBc2TUrUlr5rsr2YnwAo=">AAACD3icbVA9SwNBEN2L3/EramlzGBSrcCd+lUEbOyOYKORC2NtMkiV7u8funBqO+wc2/hUbC0Vsbe38N24+Ck18MPB4b4aZeWEsuEHP+3ZyM7Nz8wuLS/nlldW19cLGZs2oRDOoMiWUvg2pAcElVJGjgNtYA41CATdh73zg39yBNlzJa+zH0IhoR/I2ZxSt1CzsBQYp62kQaYDwgOll5TzL0kAo2dG800WqtbrPmoWiV/KGcKeJPyZFMkalWfgKWoolEUhkghpT970YGynVyJmALB8kBmK7mHagbqmkEZhGOvwnc3et0nLbStuS6A7V3xMpjYzpR6HtjCh2zaQ3EP/z6gm2Txspl3GCINloUTsRLip3EI7b4hoYir4llGlub3VZl2rK0EaYtyH4ky9Pk9pByT8uHV0dFstn4zgWyTbZIfvEJyekTC5IhVQJI4/kmbySN+fJeXHenY9Ra84Zz2yRP3A+fwBc7J4m</latexit>

OPC�!

quasar dipole
source

M3 Metal Regular Via
mask

(b)

(c) (d)
<latexit sha1_base64="mU/lwKpzgieApESH9jZgzDGtoDE=">AAACEXicbVA9SwNBEN3zM8avqKXNYRBShTvxqwzaWFhEMCrkQtjbTJIle7vH7pwajvsLNv4VGwtFbO3s/Ddu4hWa+GDg8d4MM/PCWHCDnvflzMzOzS8sFpaKyyura+uljc0roxLNoMGUUPompAYEl9BAjgJuYg00CgVch4PTkX99C9pwJS9xGEMroj3Ju5xRtFK7VAkMUjbQINIA4R7Tc459lWVpIJTsad7rI9Va3WXtUtmremO408TPSZnkqLdLn0FHsSQCiUxQY5q+F2MrpRo5E5AVg8RAbFfTHjQtlTQC00rHH2XurlU6bldpWxLdsfp7IqWRMcMotJ0Rxb6Z9Ebif14zwe5xK+UyThAk+1nUTYSLyh3F43a4BoZiaAllmttbXdanmjK0IRZtCP7ky9Pkaq/qH1YPLvbLtZM8jgLZJjukQnxyRGrkjNRJgzDyQJ7IC3l1Hp1n5815/2mdcfKZLfIHzsc3fr2fWA==</latexit>

Litho�!
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

optical model

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
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