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In this study, a digital mask-based STED lithography technique was proposed, and the effective resolution of the proposed
system was calculated analytically. The proposed STED lithography system uses two spatial light modulators to modulate
the phase of an excitation beam and a depletion beam, respectively. The excitation spatial light modulator acts as a digital
mask to form the patterning image, while the depletion spatial light modulator creates an image surrounding the projected
excitation image. Thus, photopolymerization is suppressed by stimulated emission occurring in the depletion focus region
surrounding the excitation focus, thereby improving lithographic resolution. Electromagnetic field and intensity distribution
were calculated, and the resolution of the proposed STED lithography was simulated based on vectorial diffraction theory.
An effective resolution of 72 nm was calculated under the condition of Is 0.1, which is similar to the resolution of
conventional STED lithography at 70 nm. These results analytically confirmed that the proposed STED lithography system
could pattern a two-dimensional region simultaneously without the loss of resolution compared to conventional STED
lithography.
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NOMENCLATURE f = Focal Length of Tube Lens

k = Wavenumber

STED = Stimulated Emission Depletion o ~ Integral Domain

PSE h = Point Spread Function M —  Mask Function

SLM = Spatial Light Modulator

E = Electric Field Distribution

1 = Intensity Distribution

I = Saturation Intensity of Material 1. M2

Aexp = Wavelength of Excitation Beam

Adep = Wavelength of Depletion Beam Bt Aladle] ZAQl ARl SHIAE S5 fIsh

NA i = Numerical Aperture of Objective Lens 1994 S. W. Hello] STEDE A|¢tst o]gj 2, STED= %113

Sobi = Focal Length of Objective Lens A 3 olm At siEd FofollA EetA ATtEaL glow
[1-3], 53] sjEld &opollAe 2ATA olste] Al F+2&
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aplanatic optics
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Fig. 4 Simulation results of 0 depletion intensity at focal point
through pixel modulation of SLM. (a) Phase modulation at
SLM, (b) Intensity distribution by modulated phase, and (c)
Its cross-section profile
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Fig. 5 Calculated depletion intensity profile of various pattern.
Phase modulation, depletion intensity distribution, and its
cross-section profile for (a)-(c) Single spot, (d)-(f) Multi-
spot, and (g)-(i) Multi-line pattern
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Fig. 6 Calculated effective STED profile. Excitation intensity [2]
distribution, depletion intensity distribution, effective STED
profile and its cross-section profile for (a)-(d) Proposed
STED, and (e)-(h) Conventional SETD lithography
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