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Abstract Lithography is the process that transfers the structure pattern of integrated circuit device from the mask to
the wafer or the surface of other semiconductor substrate, and it is the key technology to implement the mass
production of high-end chips. Driven by the Moore’s law, lithography technique has stepped over multiple process
nodes from 90 nm to 7 nm and beyond, gradually approaching the physical limit of its resolution. Meanwhile, the
lithography image precision is seriously influenced by the diffraction limit property of lithography system, and various
system aberrations, errors, and process variations. In this case, the computational lithography techniques must be

used to improve the lithography image resolution and fidelity. Computational lithography is a cross research field that
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involves multiple professional domains, including the optics, semiconductor technology, computing science, image
and signal processing, materials science, information science and so on. It is based on the optical imaging and
process models, and uses the mathematical methods to simulate and optimize the entire lithography imaging chain,
thus realizes the high-precise compensation of the image errors, and is capable of effectively improving the process
window and chip manufacturing yield, as well as reducing the research and development cycle and cost of lithography
process. To date, it has become one of the core links of the high-end chip manufacturing process. This article first
briefly introduces the predecessor of computational lithography, 1. e., the traditional resolution enhancement
technique, based on which the basic principles, models, and algorithms of computational lithography are introduced.
Subsequently, three commonly used computational lithography techniques, including the optical proximity
correction, source optimization, and source mask optimization, are reviewed, and the relevant research progress,
achievements, and applications are summarized. Finally, this article expounds the current demands and challenges

faced by the computational lithography, and discusses the latest technology progress and the future development

directions.

Key words computational lithography; resolution enhancement technique; advanced semiconductor manufacturing

process; optical lithography; computational optics; optoelectric image processing
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near-field model of thick mask™’
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Fig. 10 Transformation and solution process of computational lithography problem™
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Fig. 11 Different types of OPC methods. (a) Target pattern; (b) RBOPC result; (¢) EBOPC result; (d) PBOPC result""”

Table 1 A part linewidth rule table

w [ L Edge offset
0.18 0.18 072 0.00
0.18 0.27 0.72 0.09
0.18 0.36 0.72 0.05
0.18 0.45 0.72 0.03
0.18 0.54 072 0.1

Table 2 A part corner rule table

Wo Wy 2 Serif width Serif overlap
018 | 018 | 018 0.09 0.015
027 | 018 | 018 0.075 0.006
036 | 018 | 0.18 0.084 0.006
045 | 018 | 0.18 0.072 0.01
054 | 018 | 0.18 0.072 0.01

12 RBOPC B ff Ao 25 A IE AL 72 i s ]

Fig. 12 Examples of RBOPC optimization results and correction rule tables""”
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Fig. 14 PBOPC simulation results based on SD algorithm. (a) Target pattern; (b) optimized gray mask; (c¢) optimized binary
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Fig. 17 Comparison of ILT optimization results based on Adam and SGD algorithms. (a) Sarget pattern; (b) mask optimization
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