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A Digital-Grating-Based Alignment Technique in Maskless Lithography
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Abstract A digital-grating-based alignment technique is brought forward and researched for digital micromirror
device (DMD) maskless lithography system. Infinitesimal displacement of a silicon chip is amplified and displayed in
moiré fringes generated by digital grating and physical grating. A digital-grating-based alignment model is created in
DMD-based maskless lithography system. The alignment marks as well as detailed realization program is designed.
Numerical simulation and preliminary experimental test is carried out. Compared to the traditional real mask, the
grating digital gating characterized with variable frequency. clear image. good periodic structure and zero mask cost
will extend the measurement range and reduce the displacement measurement error. This technique can realize deep

sub-micron alignment accuracy, and satisfy the requirements of maskless lithography.
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Fig. 1 Digital-grating-based alignment technique in
DMD-based maskless lithography
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Fig. 3 Two grating marks in alignment program. (a) Grating mark 1; (b) grating mark 2
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Fig. 4 Distribution of moiré fringes in alignment process. (a) Misalignment; (b) completely aligned
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Fig. 5 Schematic of alignment mark with combined gratings. (a) Digital grating; (b) physical grating
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Fig. 6 In the case of same displacement, moiré fringes generated by fixed-frequency grating and

different frequencies gratings
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Table 1 Statistics of simulation data

Period of the fixed-frequency grating T, /pm

Period of the different frequencies gratings T, /pm

The relative phase shift of stripe Agp /rad

The displacement deviation of the two gratings Ax /pm
Period of the fixed-frequency grating T /pm

Period of the different frequencies gratings T,/pm

The relative phase shift of stripe Ag /rad

The displacement deviation of the two gratings Ax /pm

6 6 6 6 6
4 4.4 4.8 5.2 5.6
2.6159 2.4773 2.3591 2.2602 2.1755
0.9992 1. 0008 1.0012 1. 0021 1.0029
6 6 6 6 6
6.4 6.8 7.2 7.6 8
—2.0197 —1.9773 —1.9256 —1.8513 —1.8365
—0.9955 —1.0031 —1.003 —0.9992 —1.0021
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Fig. 7 Displacement error curve of two gratings
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Fig. 8 Moiré fringes at alignment process. (a) Initial alignment; (b) fine alignment; (c¢) completely alignment
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Table 2 Statistics of experimental data

Initial alignment Fine alignment

Period of the fixed-frequency grating T;/pm 6 6

Period of the different frequencies gratings T, /pm 6.156 6. 84

Relative phase shift of stripe Ag /rad 3.7348 0. 5087

Displacement deviation of the two gratings Az /pum 1.8061 0. 2588
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