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Increasing the Depth-of-Focus Using an Axicon in Photolithography
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We propose a photolithography system that incorporates an axicon as a focusing lens. This system
attains an extremely long depth of focus compared with a conventional photolithography system. We
designed an axicon and developed a photolithography system with the axicon. Experimental results are
shown to demonstrate that the developed system provides a super long depth of focus as well as high
lateral resolution. The effects of spherical aberration for the three-dimensional imaging in high-
refractive index material like as photoresist are theoretically analyzed to verify the advantage of the

photolithography with an axicon.
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Fig.1 (a) The principle for producing the /o beam

with an axicon, (b) the optics equivalent to (a)
using an annular pupil.
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Fig.2 Intensity distributions of the Jo beam spot
produced by an axicon, at (a) 2=16 mm, (b) 2=26
mm, (c) 2=36mm, (d) 2=46 mm, (¢) 2=53 mm,
and (f) 2=56 mm. The intensity of the center spot
on the photograph is saturated to make the outer
ring appear.
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Fig.3 Intensity profile of the central spot of the J,
beam at z=16 mm.
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Fig.4 (a) Configuration of the photolithography
system with an axicon developed by us, (b) the
detailed geometry near the photoresist.
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Fig.5 The axicon we used for the photolithog-
raphy system. The diameter, refractive index, and
the cone angle of the axicon are 20 mm, 1.522, and
100 deg, respectively.
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Fig.6 A pattern we designed for the exposure
with the developed system.
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Fig.7 The pattern exposed by the photolithog-
raphy system developed by us: (a), and (b) are the
patterns in the upper region of the photoresist ; (c),
and (d) are the patterns in the lower one. The
separation between the two region is about 1 mm.
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Fig.8 Aberrated patterns seen in photoresist with
objective lens of NA=0.75, at (a) z=0 (surface of
the photoresist), (b) 2=10 um, (c) z2=20 um, and
(d) 2=50 pm. The intensity of each pattern is
saturated to make sidelobes appear.
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Fig.9 The generation of the J, beam in high
refractive index material with an axicon.
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