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Abstract: Maskless lithography based on spatial light modulators is an important development direction of
lithography technology. In recent years, with the improvement in digital micromirror device (DMD) chip
integration and performance, maskless lithography based on DMD has become the main digital lithography
technology. By virtue of a programmable digital mask that can be gray-scale modulated to replace the pre-
fabricated physical photomask used in traditional lithography, it can greatly simplify the process of lithogra-
phy and improve the flexibility of lithography. It is widely used in many research fields including planar mi-
cro-nano devices, metamaterials, microfluidic device chips, and tissue biology. Starting from the principle
of maskless lithography, we briefly introduce the structure of uniform illumination system and miniature
projection system, and then summarize the development of spatial resolution enhancement technology for

traditional planar lithography, grayscale lithography, and three-dimensional micro-stereolithography tech-
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nology. Finally, we highlight the typical applications of digital maskless lithography and propose its future

development direction.

Key words: maskless lithography; spatial light modulator; digital micromirror device; resolution en-

hancement; grayscale lithography; micro-stereo lithography
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Fig.5 Wobulation lithography technology. (a)-(c) Step lithography combined with wobulation lithography technology™'* ;

(a) Principle of wobulation lithography; (b) Pattern obtained by non-wobulated method; (c¢) Pattern obtained by

superimposing 1/2 pixels; (d)-(f) Scanning lithography combined with wobulation lithography technology™'"";
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Tab.1 Representative research results related to improvement of linewidth resolution of DMD maskless lithography
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Fig. 11  Oscillation-assisted grayscale lithography"™. (a) Oscillation-assisted grayscale lithography system; (b) Projection
pattern (200 pm X200 pm) and normalized light intensity distribution between non-oscillation and oscillation pro-
jection; (c)-(d) Characterization of the roughness of the microlens array manufactured under non-oscillation and
oscillation; (e)-(f) The miniaturized image formed by the microlens manufactured under the oscillation frequency

of 200 Hz with non-oscillation; (g) The designed mixed grayscale image; (h) Mixed curvature microlens array
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Fig. 13 Multi-material micro-stereolithography based on syringe pump'*’
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Fig. 14 Preparation of planar micro-nano devices with visual DMD lithography system. (a) Process of preparation of mi-

cro-nano devices; (b) Optical image of a field effect transistor prepared
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Fig. 15 Preparation of metamaterials by digital lithography. (a) - (e) Preparation of metamaterials by LCOS lithogra-

phy"**'; (a) Mechanical response to compressive loading of a bend-dominated tetrakaidecahedron unit cell; (b) Me-
chanical response to compressive loading of a stretch-dominated octet-truss unit cell; (¢)-(e) Octet-truss microlat-
tices with varied constituent materials; (f)-(m) DMD lithography to prepare large-area, multi-scale metamateri-

S[44

als"’; (f)-(h) Bulk hierarchical lattice structure of the octagonal lattice structure cell that is mainly stretched ;

(i)-(m) SEM images show the cross-sectional decomposition of the structure level of the multi-scale metamaterial

cell shown in(h)
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Fig. 17 Lithography system using different resin photocrosslinking structures™
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