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Fig. 1. Illustration of experimental optical set-up.
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Fig. 2. Optical spots at different positions: (a) Laser spot;
(b) the expanded and filtered optical beam.
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Fig. 3. Fresnel diffraction patterns behind the aperture: (a) The captured and (b) calculated images at 8 cm away from an 8-mm-

diameter aperture. Zoomed-in images of Figure (a) and Figure (b) are respectively shown in Figure (c) and Figure (d). Optical spots

at different positions. Also shown are the captured (e) and calculated (f) images at 9.5 cm away from a 5-mm-diameter aperture.
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Fig. 4. Set-up for Fresnel diffraction lithography: (a), (b)
The simulated Fresnel diffraction pattern(a) at a distance
of 20 cm behind a 6 mm-aperture and its zoomed-in image
near the center (b); (c) depiction of the lithography appar-
atus.
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Fig. 5. Fresnel diffraction lithography results: (a)—(d) The captured OM (a)/(e), UV-OM (b)/(f) and AFM (c)/(g) images obtained
when the lens-sample distance is g/g — 0.2 mm. Also shown are the line profiles (d), (h) at positions indicated by blue and green sol-

id lines in Figure (c) and Figure (g), respectively.
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Fig. 6. Fresnel diffraction scanning lithography: (a)—(h) With the scanning speed of 100 and 200 pm/s, the captured UV-OM
((a)—(d), (e)—(h)) images obtained when the lens-sample distance is g and g — 0.2 mm, respectively. Also shown are the AFM im-

ages (i), (j) with a scanning speed of 100 pm/s at g and g — 0.2 mm, respectively. Scale bars: 5 pm.
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Fig. 7. Calculated light field distribution on the focal plane of oil immersion objectives (a) along with the full width at half maxim-

um in 2~ (b) and y-direction (c) using vectorial diffraction theory. (d) Focused light distribution plotted on a log scale.
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Fresnel diffraction lithography”
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(Department of Optics and Optical Engineering, School of Physics Sciences, University of

Science and Technology of China, Hefei 230026, China)
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Abstract

Lithography plays a vital important role in modern information technologies. Patterning on a nanoscale in
a handy way is highly desired for both scientific and industrial purposes. In this work, we propose a convenient
nanolithography method based on Fresnel diffraction patterns. We start with the explanation of the “dense-
inside-sparse-outside” Fresnel diffraction fringes resulting from the apertures of finite extent, by using the fast
Fourier transform algorithm through appropriately choosing the number of uniformly spaced samples.
Moderately focusing the diffraction patterns via high-numerical-aperture objectives ( the method is termed the
“Fresnel diffraction lithography”), the rotationally symmetric patterns with a minimum feature size of ~190 nm,
and the scanning lines with a width of ~350 nm are realized, respectively, The calculation using vectorial
diffraction theory suggests a better resolution when perfectly focused. This method shows good tolerance to
defocus and does not require complex lens combinations or micro/nano-diffraction optical elements, Therefore,
this method can find some applications in widespread areas, e.g. functional metasurfaces, as a novel and low-

cost nano-patterning technology with sub-wavelength resolution and high flexibility.
Keywords: Fresnel diffraction, beam expander, nanolithography, direct writing lithography
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