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Moore’s Law
Process Technology (µm
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EUV Brings Challenges in DFM

I Hotspot detection and fix

I Previous researches show the significance of a diverse and balanced training data set.[Yang+,SPIE’17]

I Hotspot pattern library covering the design space required by machine learning and pattern matching solutions.
I Lithographic simulation challenge due to complicated computational lithography model under EUV nodes.

[Levinson+,SPIE’18]

I Early technology node development

I Due to long logic to layout cycle, test layout patterns are not usually available.
I OPC convergence problem.
I Patterns are required to massage Design rule, OPC recipe, ...

Related Works on Pattern Generation

I Transferring from previous technology node. (not applicable for large technology node gap) [Zhuang+,ICSICT’16]

I Randomly placing patterns according to certain constraints. (limited diversity)

I Generative machine learning models. (violating design rules) [Alec+,ICLR’16]

Preliminaries

Pattern Generation Challenges

I 7nm EUV metal layer unidirectional on-track shapes.

I Pitch, denoted as p, measures the distance between two adjacent tracks that contain shapes.

I T2T, denoted as t, measures the line-end-to-line-end distance between two adjacent shapes in a track.

I Wire length l and width w measure the shape size along and against the design track.

Pitch T2T Width Length

Evaluation of Pattern Library

All shape edges in a fixed-size window are aligned with x-axis and y -axis. If we extend all horizontal and vertical edges
infinitely into scan lines, more non-overlapping scan lines always come with more complex patterns. We hence define the
complexity of a layout pattern as follows.

I Pattern Complexity. The complexity of a pattern in x and y directions (denoted as cx and cy) are defined as the
number of scan lines subtracted by one along x-axis and y -axis, respectively.

We also introduce the concept of pattern diversity (denoted as H) to measure how are the pattern complexities distributed
in a given library. A larger H implies the library contains patterns that are more evenly distributed, as in the following
definition.

I Pattern Diversity. The diversity of a pattern library is given by the Shannon Entropy of the pattern complexity
sampled from the library,

H = −
∑
i

∑
j

P(cxi , cyj) logP(cxi , cyj),

where P(cxi , cyj) is the probability of a pattern sampled from the library has complexities of cxi and cyj in x and y
directions respectively.

Problem (Pattern Generation)

Given a set of layout design rules, the objective of pattern generation is to generate a pattern library such that the
pattern diversity and the number of unique DRC-clean patterns in the library is maximized.

Methods

Squish Representation Example
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y2
<latexit sha1_base64="gpWsNLdq3u5WliluCVruaPqRmhU=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB43aoFJ16+5CZB28AqpQqDWofPWHCctirpBJakzPc1MMcqpRMMln5X5meErZhI54z6KiMTdBvlh2Ri6tMyRRou1TSBbu74mcxsZM49B2xhTHZrU2N/+r9TKMboNcqDRDrtjyoyiTBBMyv5wMheYM5dQCZVrYXQkbU00Z2nzKNgRv9eR1aDfqnuWHRrV5VcRRgnO4gGvw4AaacA8t8IGBgGd4hTdHOS/Ou/OxbN1wipkz+CPn8we+PI3g</latexit><latexit sha1_base64="gpWsNLdq3u5WliluCVruaPqRmhU=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB43aoFJ16+5CZB28AqpQqDWofPWHCctirpBJakzPc1MMcqpRMMln5X5meErZhI54z6KiMTdBvlh2Ri6tMyRRou1TSBbu74mcxsZM49B2xhTHZrU2N/+r9TKMboNcqDRDrtjyoyiTBBMyv5wMheYM5dQCZVrYXQkbU00Z2nzKNgRv9eR1aDfqnuWHRrV5VcRRgnO4gGvw4AaacA8t8IGBgGd4hTdHOS/Ou/OxbN1wipkz+CPn8we+PI3g</latexit><latexit sha1_base64="gpWsNLdq3u5WliluCVruaPqRmhU=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB43aoFJ16+5CZB28AqpQqDWofPWHCctirpBJakzPc1MMcqpRMMln5X5meErZhI54z6KiMTdBvlh2Ri6tMyRRou1TSBbu74mcxsZM49B2xhTHZrU2N/+r9TKMboNcqDRDrtjyoyiTBBMyv5wMheYM5dQCZVrYXQkbU00Z2nzKNgRv9eR1aDfqnuWHRrV5VcRRgnO4gGvw4AaacA8t8IGBgGd4hTdHOS/Ou/OxbN1wipkz+CPn8we+PI3g</latexit><latexit sha1_base64="gpWsNLdq3u5WliluCVruaPqRmhU=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB43aoFJ16+5CZB28AqpQqDWofPWHCctirpBJakzPc1MMcqpRMMln5X5meErZhI54z6KiMTdBvlh2Ri6tMyRRou1TSBbu74mcxsZM49B2xhTHZrU2N/+r9TKMboNcqDRDrtjyoyiTBBMyv5wMheYM5dQCZVrYXQkbU00Z2nzKNgRv9eR1aDfqnuWHRrV5VcRRgnO4gGvw4AaacA8t8IGBgGd4hTdHOS/Ou/OxbN1wipkz+CPn8we+PI3g</latexit>

y1
<latexit sha1_base64="qV8nJ/elz9m1YWQxAR/RgqJqwvw=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXKWzYbpvdrQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6aCa+O6387G5tb2zm5pr7x/cHh0XDk5beskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M3rnSdUmify0UxTDGI6kjzijBpr+bXpwKsNKlW37i5E1sEroAqFWoPKV3+YsCxGaZigWvc8NzVBTpXhTOCs3M80ppRN6Ah7FiWNUQf5YtkZubTOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MCAwzO8wpsjnRfn3flYtm44xcwZ/JHz+QO8t43f</latexit><latexit sha1_base64="qV8nJ/elz9m1YWQxAR/RgqJqwvw=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXKWzYbpvdrQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6aCa+O6387G5tb2zm5pr7x/cHh0XDk5beskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M3rnSdUmify0UxTDGI6kjzijBpr+bXpwKsNKlW37i5E1sEroAqFWoPKV3+YsCxGaZigWvc8NzVBTpXhTOCs3M80ppRN6Ah7FiWNUQf5YtkZubTOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MCAwzO8wpsjnRfn3flYtm44xcwZ/JHz+QO8t43f</latexit><latexit sha1_base64="qV8nJ/elz9m1YWQxAR/RgqJqwvw=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXKWzYbpvdrQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6aCa+O6387G5tb2zm5pr7x/cHh0XDk5beskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M3rnSdUmify0UxTDGI6kjzijBpr+bXpwKsNKlW37i5E1sEroAqFWoPKV3+YsCxGaZigWvc8NzVBTpXhTOCs3M80ppRN6Ah7FiWNUQf5YtkZubTOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MCAwzO8wpsjnRfn3flYtm44xcwZ/JHz+QO8t43f</latexit><latexit sha1_base64="qV8nJ/elz9m1YWQxAR/RgqJqwvw=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXKWzYbpvdrQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6aCa+O6387G5tb2zm5pr7x/cHh0XDk5beskUwx9lohEdUOqUXCJvuFGYDdVSONQYCec3M3rnSdUmify0UxTDGI6kjzijBpr+bXpwKsNKlW37i5E1sEroAqFWoPKV3+YsCxGaZigWvc8NzVBTpXhTOCs3M80ppRN6Ah7FiWNUQf5YtkZubTOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MCAwzO8wpsjnRfn3flYtm44xcwZ/JHz+QO8t43f</latexit>

y0
<latexit sha1_base64="HeEijwzJo/arHqcPnonN5QrgcwY=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB25tUKm6dXchsg5eAVUo1BpUvvrDhGUxV8gkNabnuSkGOdUomOSzcj8zPKVsQke8Z1HRmJsgXyw7I5fWGZIo0fYpJAv390ROY2OmcWg7Y4pjs1qbm//VehlGt0EuVJohV2z5UZRJggmZX06GQnOGcmqBMi3sroSNqaYMbT5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MBAwDO8wpujnBfn3flYtm44xcwZ/JHz+QO7Mo3e</latexit><latexit sha1_base64="HeEijwzJo/arHqcPnonN5QrgcwY=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB25tUKm6dXchsg5eAVUo1BpUvvrDhGUxV8gkNabnuSkGOdUomOSzcj8zPKVsQke8Z1HRmJsgXyw7I5fWGZIo0fYpJAv390ROY2OmcWg7Y4pjs1qbm//VehlGt0EuVJohV2z5UZRJggmZX06GQnOGcmqBMi3sroSNqaYMbT5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MBAwDO8wpujnBfn3flYtm44xcwZ/JHz+QO7Mo3e</latexit><latexit sha1_base64="HeEijwzJo/arHqcPnonN5QrgcwY=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB25tUKm6dXchsg5eAVUo1BpUvvrDhGUxV8gkNabnuSkGOdUomOSzcj8zPKVsQke8Z1HRmJsgXyw7I5fWGZIo0fYpJAv390ROY2OmcWg7Y4pjs1qbm//VehlGt0EuVJohV2z5UZRJggmZX06GQnOGcmqBMi3sroSNqaYMbT5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MBAwDO8wpujnBfn3flYtm44xcwZ/JHz+QO7Mo3e</latexit><latexit sha1_base64="HeEijwzJo/arHqcPnonN5QrgcwY=">AAAB7HicbZBNT8JAEIanfiJ+oR69bASNJ9Jy0SOJF4+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Jts8uSdmezMG6ZSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2SacZ9lshEd0NquBSK+yhQ8m6qOY1DyTvh5G5e7zxxbUSiHnGa8iCmIyUiwShay69NB25tUKm6dXchsg5eAVUo1BpUvvrDhGUxV8gkNabnuSkGOdUomOSzcj8zPKVsQke8Z1HRmJsgXyw7I5fWGZIo0fYpJAv390ROY2OmcWg7Y4pjs1qbm//VehlGt0EuVJohV2z5UZRJggmZX06GQnOGcmqBMi3sroSNqaYMbT5lG4K3evI6tBt1z/JDo9q8KuIowTlcwDV4cANNuIcW+MBAwDO8wpujnBfn3flYtm44xcwZ/JHz+QO7Mo3e</latexit>

x0
<latexit sha1_base64="ityVHXWuLPr4YhpOt0ymukyJwW0=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT3632yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+5q43d</latexit><latexit sha1_base64="ityVHXWuLPr4YhpOt0ymukyJwW0=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT3632yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+5q43d</latexit><latexit sha1_base64="ityVHXWuLPr4YhpOt0ymukyJwW0=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT3632yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+5q43d</latexit><latexit sha1_base64="ityVHXWuLPr4YhpOt0ymukyJwW0=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT3632yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+5q43d</latexit>

x1
<latexit sha1_base64="D2q8JmKRu75heN8ZgB0SL9eBWCg=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT36v2yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+7MI3e</latexit><latexit sha1_base64="D2q8JmKRu75heN8ZgB0SL9eBWCg=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT36v2yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+7MI3e</latexit><latexit sha1_base64="D2q8JmKRu75heN8ZgB0SL9eBWCg=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT36v2yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+7MI3e</latexit><latexit sha1_base64="D2q8JmKRu75heN8ZgB0SL9eBWCg=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgaK3JHoyWJjSUmHpDAhewtc7Bhb++yu2ckhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2Ob+f19iMqzRP5YCYpBjEdSh5xRo21/OpT36v2yxW35i5E1sHLoQK5mv3yV2+QsCxGaZigWnc9NzXBlCrDmcBZqZdpTCkb0yF2LUoaow6mi2Vn5MI6AxIlyj5pyML9PTGlsdaTOLSdMTUjvVqbm//VupmJboIpl2lmULLlR1EmiEnI/HIy4AqZERMLlCludyVsRBVlxuZTsiF4qyevQ6te8yzf1yuNyzyOIpzBOVyBB9fQgDtogg8MODzDK7w50nlx3p2PZWvByWdO4Y+czx+7MI3e</latexit>

x2
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T =

0 1 1 0
0 0 0 0
1 0 1 1


δx =

[
x1 − x0 x2 − x1 x3 − x2 x4 − x3

]
δy =

[
y1 − y0 y2 − y1 y3 − y2

]

I Scan line-based representation, naturally supports easy computation of pattern complexity.

I Lossless feature representation.

I Easily feed into convolutional neural networks.

Problem Simplification

I Legal topology generation.

I Solving geometry constraints for DRC-clean patterns.
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Input pattern to latent space,

l = f (T ; W f )

Topology reconstruction,

T ′ = g(l + ∆l ; W g)

Training objective,

min
W f ,W g

||T −T ′||, s.t. ∆l = 0

I Inspired from TAE. [Hinton+,ICANN’11]

I Feature instantiation attains data set domain
properties.

I All capsules contribute together to produce
variations of any input objects.

I The transformation in our framework applies
directly on the latent vector space that promises a
much larger diversity of the generated patterns
compared to the limited transformation on the
coordinate system only in TAEs.

I Identity mapping in the training phase helps the
TCAE capture the design rule properties of existing
patterns.

Perturbing the Latent Space

TCAE-Combine

I Generalization from existing topologies

T g = g(
∑
i

αi f (T i)),

where 0 < αi < 1,∀i are combination coefficients
and satisfy

∑
i αi = 1.

I Sample results
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<latexit sha1_base64="VYRAylFGV5NgPkPu8A9mEECKXIA=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGRHsRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0K0HKRJwYKsg8RT/hrpHutBu3xxQlho8tIFHMfsQlQ1RIjG2wYBvyl/tYhcZl2bd8f1WqXmRd5eEETuEcfLiGKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv7C+bgw==</latexit><latexit sha1_base64="VYRAylFGV5NgPkPu8A9mEECKXIA=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGRHsRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0K0HKRJwYKsg8RT/hrpHutBu3xxQlho8tIFHMfsQlQ1RIjG2wYBvyl/tYhcZl2bd8f1WqXmRd5eEETuEcfLiGKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv7C+bgw==</latexit><latexit sha1_base64="VYRAylFGV5NgPkPu8A9mEECKXIA=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGRHsRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0K0HKRJwYKsg8RT/hrpHutBu3xxQlho8tIFHMfsQlQ1RIjG2wYBvyl/tYhcZl2bd8f1WqXmRd5eEETuEcfLiGKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv7C+bgw==</latexit><latexit sha1_base64="VYRAylFGV5NgPkPu8A9mEECKXIA=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGRHsRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0K0HKRJwYKsg8RT/hrpHutBu3xxQlho8tIFHMfsQlQ1RIjG2wYBvyl/tYhcZl2bd8f1WqXmRd5eEETuEcfLiGKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv7C+bgw==</latexit>

↵ = 0.6
<latexit sha1_base64="uovXqrsSC9IKsd7dop/bvOng/aM=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjIi6EQpuXFawP9gO5U6aaUMzmSHJCKX0HVy41cdwJ259BZ/CVzBtZ2FbLwQ+zrkXTk6QCK6N6347uZXVtfWN/GZha3tnd6+4f1DXcaooq9FYxKoZoGaCS1Yz3AjWTBTDKBCsEQxuJ37jiSnNY/lghgnzI+xJHnKKxkqPbRRJH2/c8mWnWHLL7nTIMngZlCCbaqf40+7GNI2YNFSg1i3PTYw/QmU4FWxcaKeaJUgH2GMtixIjpv3RNPGYnFilS8JY2ScNmap/L0YYaT2MArsZoenrRW8i/utxHc958zFMeO2PuExSwySdpQhTQUxMJt2QLleMGjG0gFRx+xFC+6iQGttgwTbkLfaxDPXzsmf5/qJUOcu6ysMRHMMpeHAFFbiDKtSAgoQXeIU359l5dz6cz9lqzsluDmFunK9f6O2bgQ==</latexit><latexit sha1_base64="uovXqrsSC9IKsd7dop/bvOng/aM=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjIi6EQpuXFawP9gO5U6aaUMzmSHJCKX0HVy41cdwJ259BZ/CVzBtZ2FbLwQ+zrkXTk6QCK6N6347uZXVtfWN/GZha3tnd6+4f1DXcaooq9FYxKoZoGaCS1Yz3AjWTBTDKBCsEQxuJ37jiSnNY/lghgnzI+xJHnKKxkqPbRRJH2/c8mWnWHLL7nTIMngZlCCbaqf40+7GNI2YNFSg1i3PTYw/QmU4FWxcaKeaJUgH2GMtixIjpv3RNPGYnFilS8JY2ScNmap/L0YYaT2MArsZoenrRW8i/utxHc958zFMeO2PuExSwySdpQhTQUxMJt2QLleMGjG0gFRx+xFC+6iQGttgwTbkLfaxDPXzsmf5/qJUOcu6ysMRHMMpeHAFFbiDKtSAgoQXeIU359l5dz6cz9lqzsluDmFunK9f6O2bgQ==</latexit><latexit sha1_base64="uovXqrsSC9IKsd7dop/bvOng/aM=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjIi6EQpuXFawP9gO5U6aaUMzmSHJCKX0HVy41cdwJ259BZ/CVzBtZ2FbLwQ+zrkXTk6QCK6N6347uZXVtfWN/GZha3tnd6+4f1DXcaooq9FYxKoZoGaCS1Yz3AjWTBTDKBCsEQxuJ37jiSnNY/lghgnzI+xJHnKKxkqPbRRJH2/c8mWnWHLL7nTIMngZlCCbaqf40+7GNI2YNFSg1i3PTYw/QmU4FWxcaKeaJUgH2GMtixIjpv3RNPGYnFilS8JY2ScNmap/L0YYaT2MArsZoenrRW8i/utxHc958zFMeO2PuExSwySdpQhTQUxMJt2QLleMGjG0gFRx+xFC+6iQGttgwTbkLfaxDPXzsmf5/qJUOcu6ysMRHMMpeHAFFbiDKtSAgoQXeIU359l5dz6cz9lqzsluDmFunK9f6O2bgQ==</latexit><latexit sha1_base64="uovXqrsSC9IKsd7dop/bvOng/aM=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjIi6EQpuXFawP9gO5U6aaUMzmSHJCKX0HVy41cdwJ259BZ/CVzBtZ2FbLwQ+zrkXTk6QCK6N6347uZXVtfWN/GZha3tnd6+4f1DXcaooq9FYxKoZoGaCS1Yz3AjWTBTDKBCsEQxuJ37jiSnNY/lghgnzI+xJHnKKxkqPbRRJH2/c8mWnWHLL7nTIMngZlCCbaqf40+7GNI2YNFSg1i3PTYw/QmU4FWxcaKeaJUgH2GMtixIjpv3RNPGYnFilS8JY2ScNmap/L0YYaT2MArsZoenrRW8i/utxHc958zFMeO2PuExSwySdpQhTQUxMJt2QLleMGjG0gFRx+xFC+6iQGttgwTbkLfaxDPXzsmf5/qJUOcu6ysMRHMMpeHAFFbiDKtSAgoQXeIU359l5dz6cz9lqzsluDmFunK9f6O2bgQ==</latexit>

↵ = 0.4
<latexit sha1_base64="9eUcA35XlMWHNHJ1chf5eYjD0pI=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGSnoRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0r4OUiTgxVJB5in7CXSPdaTdujylKDB9bQKKY/YhLhqiQGNtgwTbkL/exCo3Lsm/5vlKqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv5aubfw==</latexit><latexit sha1_base64="9eUcA35XlMWHNHJ1chf5eYjD0pI=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGSnoRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0r4OUiTgxVJB5in7CXSPdaTdujylKDB9bQKKY/YhLhqiQGNtgwTbkL/exCo3Lsm/5vlKqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv5aubfw==</latexit><latexit sha1_base64="9eUcA35XlMWHNHJ1chf5eYjD0pI=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGSnoRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0r4OUiTgxVJB5in7CXSPdaTdujylKDB9bQKKY/YhLhqiQGNtgwTbkL/exCo3Lsm/5vlKqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv5aubfw==</latexit><latexit sha1_base64="9eUcA35XlMWHNHJ1chf5eYjD0pI=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUGSnoRii4cVnB/mA7lDtp2oZmkiHJCGXoO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww5kwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaIIrRPJpWqFqClngtYNM5y2YkUxCjlthqPbqd98okozKR7MOKZBhAPB+oygsdJjB3k8xBuvXOkWS17Zm427Cn4GJcim1i3+dHqSJBEVhnDUuu17sQlSVIYRTieFTqJpjGSEA9q2KDCiOkhniSfumVV6bl8q+4RxZ+rfixQjrcdRaDcjNEO97E3Ffz2m5YK3GMP0r4OUiTgxVJB5in7CXSPdaTdujylKDB9bQKKY/YhLhqiQGNtgwTbkL/exCo3Lsm/5vlKqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv5aubfw==</latexit>

↵ = 0.2
<latexit sha1_base64="GgDez9hUrLanGjbStvKSML32RnE=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUmSLoRii4cVnB/mA7lDtppg3NJEOSEUrpO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww4Uwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaoIrRPJpWqFqClngtYNM5y2EkUxDjlthsPbqd98okozKR7MKKFBjH3BIkbQWOmxgzwZ4I1XrnSLJa/szcZdBT+DEmRT6xZ/Oj1J0pgKQzhq3fa9xARjVIYRTieFTqppgmSIfdq2KDCmOhjPEk/cM6v03Egq+4RxZ+rfizHGWo/i0G7GaAZ62ZuK/3pMywVvMYaJroMxE0lqqCDzFFHKXSPdaTdujylKDB9ZQKKY/YhLBqiQGNtgwTbkL/exCo1K2bd8f1mqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv4mmbfQ==</latexit><latexit sha1_base64="GgDez9hUrLanGjbStvKSML32RnE=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUmSLoRii4cVnB/mA7lDtppg3NJEOSEUrpO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww4Uwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaoIrRPJpWqFqClngtYNM5y2EkUxDjlthsPbqd98okozKR7MKKFBjH3BIkbQWOmxgzwZ4I1XrnSLJa/szcZdBT+DEmRT6xZ/Oj1J0pgKQzhq3fa9xARjVIYRTieFTqppgmSIfdq2KDCmOhjPEk/cM6v03Egq+4RxZ+rfizHGWo/i0G7GaAZ62ZuK/3pMywVvMYaJroMxE0lqqCDzFFHKXSPdaTdujylKDB9ZQKKY/YhLBqiQGNtgwTbkL/exCo1K2bd8f1mqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv4mmbfQ==</latexit><latexit sha1_base64="GgDez9hUrLanGjbStvKSML32RnE=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUmSLoRii4cVnB/mA7lDtppg3NJEOSEUrpO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww4Uwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaoIrRPJpWqFqClngtYNM5y2EkUxDjlthsPbqd98okozKR7MKKFBjH3BIkbQWOmxgzwZ4I1XrnSLJa/szcZdBT+DEmRT6xZ/Oj1J0pgKQzhq3fa9xARjVIYRTieFTqppgmSIfdq2KDCmOhjPEk/cM6v03Egq+4RxZ+rfizHGWo/i0G7GaAZ62ZuK/3pMywVvMYaJroMxE0lqqCDzFFHKXSPdaTdujylKDB9ZQKKY/YhLBqiQGNtgwTbkL/exCo1K2bd8f1mqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv4mmbfQ==</latexit><latexit sha1_base64="GgDez9hUrLanGjbStvKSML32RnE=">AAACDnicbZDNSgMxFIXv1L9a/6ou3QwWwYWUmSLoRii4cVnB/mA7lDtppg3NJEOSEUrpO7hwq4/hTtz6Cj6Fr2DazsK2Xgh8nHMvnJww4Uwbz/t2cmvrG5tb+e3Czu7e/kHx8KihZaoIrRPJpWqFqClngtYNM5y2EkUxDjlthsPbqd98okozKR7MKKFBjH3BIkbQWOmxgzwZ4I1XrnSLJa/szcZdBT+DEmRT6xZ/Oj1J0pgKQzhq3fa9xARjVIYRTieFTqppgmSIfdq2KDCmOhjPEk/cM6v03Egq+4RxZ+rfizHGWo/i0G7GaAZ62ZuK/3pMywVvMYaJroMxE0lqqCDzFFHKXSPdaTdujylKDB9ZQKKY/YhLBqiQGNtgwTbkL/exCo1K2bd8f1mqXmRd5eEETuEcfLiCKtxBDepAQMALvMKb8+y8Ox/O53w152Q3x7Awztcv4mmbfQ==</latexit>

TCAE-Random

I Introducing perturbation from certain distribution
randomly

T g = g(f (T i) + ∆x),

where ∆x ∼ N .

I Feature Sensitivity. Let l =
[
l1 l2 ... ln

]>
be

the output of the layer associated with the latent
vector space. The sensitivity si of a latent vector
node li is defined as the probability of
reconstructed pattern being invalid when a
perturbation ∆li ∈ [−t, t] is added up on li with
everything else unchanged.

Legal Pattern Assessment

Creating DRC constraints for legal δxs and δys,

yi+1 − yi =
p

2
, ∀i ,

xi − xj = tmin, ∀(i , j) ∈ CT2T ,

xi − xj = lmin, ∀(i , j) ∈ CW ,
xi+1 − xi > 0, ∀i ,

xmax − x0 = dx ,ymax − y0 = dy .

Results and Conclusion

Understanding Features in TCAE

Transformations Reconstructed Topologies

Extend or pull back line-ends

Create or destroy shapes

Control shape directions

TCAE-Random

Origin TCAE-Random

…

:

Comparison with State-of-the-Art
Perturbation with Gaussian exhibits greatest pattern
generation power with around 30% generated patterns
are unique and DRC clean.
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Conclusion

I Address the pattern library requirements in DFM flows/researches under advanced technology nodes.

I Propose a TCAE framework that can capture layout design rule characteristics.

I We show auto-learned features contribute to layout space locally or globally.
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