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Abstract: As an essential resolution enhancement technique, source optimization can improve the quality of ad-
vanced lithography. In the field of advanced lithography, the convergence efficiency and optimization ability of the
source optimization are very important. Particle swarm optimization (PSO) is a global optimization algorithm. The
adaptive control strategy can improve the global search ability of particles, and the nonlinear control strategy can
expand the search range of particles. In this paper, a PSO algorithm based on adaptive nonlinear control strategy
(ANCS) is proposed to solve the problem of source optimization by transforming it into a multivariable evaluation
function. The image optimization simulation is carried out with a brief periodic grating image and an irregular image,
and the source shape is optimized by the global iteration property of the proposed method. By using the pattern er-
rors (PEs) as a multivariate merit function, the results of 300 iterations are evaluated, and the PEs of the two kinds of
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simulation patterns are reduced by 52.2% and 35%, respectively. Compared with the traditional PSO algorithm and

genetic algorithm, the proposed method not only improves the imaging quality, but also has higher convergence ef-

ficiency.

Keywords: source optimization; lithography; inverse lithography optimization techniques; particle swarm optimiza-

tion algorithm
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Fig. 1 The imaging model of lithography
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Fig. 2 The representation of source
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Fig. 4 The simulation results of source optimization
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The imaging model of lithography

Overview: With the continuous reduction of critical dimension (CD) of semiconductors, lithography technology has
gradually become a key technology in the field of integrated circuit manufacturing. Resolution enhancement technolo-
gies (RETS) is to improve the resolution of lithography by modifying the incident angle of the light source and the mask
mode under the premise that the wavelength and numerical aperture (NA) remain the same. Due to the influence of
experimental conditions, such as temperature, assembly tolerance, and other factors, the aberration is introduced, lead-
ing to the deformation of the aerial image. In addition, the optical proximity effect (OPE) will be introduced, if the CD
of the pattern is smaller than the illumination wavelength. Therefore, it is very important to solve the above problems to
improve the imaging quality and image fidelity. Recently, many researchers have proposed the optimization algorithm
based on pixelated representation of illumination source for inverse lithography optimization. This method has not only
achieved high modulation and flexibility, but also has great advantages in improving lithography resolution. In this pa-
per, a particle swarm optimization algorithm (PSO) combing with adaptive nonlinear control strategy (ANCS) is pro-
posed to optimize the shape of lithography illumination source based on pixel representation. According to the unique
symmetry characteristics of the light source, the light source is characterized by equal separation and dispersion, which
can reduce the optimization complexity and improve the iteration efficiency. A simple grating array pattern and a com-
plex and irregular grating array pattern are selected to verify the simulation results, and the pattern errors (PEs) between
the photoresist pattern and the ideal pattern are used as the cost function to evaluate the simulation results. The effec-
tiveness of the improved algorithm is verified by simulation of the two grating structures. In order to verify the supe-
riority of ANCS-PSO, it is compared with the traditional particle swarm optimization algorithm and genetic algorithm.
The simulation results show that the errors of the two kinds of simulation patterns are reduced by Pattern 01: 52.2%,
41.7%, 37.4%, and Pattern 02: 35 %, 25.3%, 25.3%, respectively, which effectively improves the photoresist image assur-
ance. The comparison of the simulation results of the three algorithms shows that the proposed method not only has
higher iteration efficiency, but also has more advantages in improving the quality of lithographic imaging and image
fidelity.

Wang J, Liu J B, Hu S. Source optimization based on adaptive nonlinear particle swarm method in lithography[J]. Op-
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