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Abstract A lithographic tool-matching method using a differential evolution algorithm and a micro mirror array
(MMA) source model is proposed herein. In this method, the MMA source model is added, and the light spots of
micro mirrors are optimized by the differential evolution algorithm to achieve lithographic tool-matching. Compared
with other matching methods for the freeform illumination system, the proposed method can directly optimize
MMA parameters and reduce matching errors in the process of MMA generating light source. A one-dimensional
line/space mask is adopted for matching under quasar and freeform illumination. The simulation results show that
the root-mean-square of critical dimension error decreases by more than 80% after matching. The proposed method
outperforms the matching methods based on the genetic algorithm and particle swarm optimization algorithm.
Further, the convergence is accelerated. Moreover, the proposed method can effectively control the pupil fill ratio
and keep it constant before and after matching.
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Fig. 1 Schematic of freeform illumination source system
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Fig. 2 Schematic of freeform illumination source model based on MMA. (a) Light spot formed by single micro mirror;

(b) ideal source formed by MMA; (c¢) target source
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Fig. 7 Tllumination source after matching. (a) Source reconstructed by GA-SA matching; (b) source after matching

by proposed method; (¢) MMA ideal source distribution
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Table 1 Simulation results under quasar illumination matching

S

CD error CD error

after after Rypr/
Method Source error
SO/ MAA/ %
nm nm
Pre-matching 10.67
PSO-SA 0.354 0.491 0.0259 13.52
GA-SA 1.007 1.099 0.0343 14.82
Proposed method  0.271 10.65

2 H iy B DG AR L 2 SR
Table 2 Simulation results under freeform illumination

matching

CD error CD error

after after Rop/
Method Source error
SO/ MAA/ %
nm nm
Pre-matching 3.65
PSO-SA 0.339 0.478 0.0285 2.85
GA-SA 0.881 0.985 0.0217 6.13
Proposed method  0.329 3.61
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