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Abstract: Three-dimensional (3D) high-aspect-ratio (HAR) microstructures for biomedical applications (e.g.,
microneedle, microadhesive, etc.) are microfabricated using the hybrid ultraviolet (UV) lithography in which
inclined, rotational, and reverse-side UV exposure processes are combined together. The inclined and rotational
UV exposure processes are intended to fabricate tapered axisymmetric HAR microstructures; the reverse-side UV
exposure process is designed to sharpen the end tip of the microstructures by suppressing the UV reflection on
a bottom substrate which is inevitable in conventional UV lithography. Hybrid UV lithography involves
fabricating 3D HAR microstructures with an epoxy-based negative photoresist, SU-8, using our customized UV
exposure system. The effects of hybrid UV lithography parameters on the geometry of the 3D HAR
microstructures (aspect ratio, radius of curvature of the end tip, etc.) are measured. The dependence of the end-tip
shape on SU-8 soft-baking condition is also discussed.
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Fig. 1 An apparatus for fabricating 3D HAR
microstructures. The apparatus is composed
of a spin coater, a glass wafer coated with
graphite microparticles, an acrylic holder for
a mask on spincoated SU-8 photoresist, and
a UV lamp
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Fig. 2 Fabrication process. (a) Spin coating of SU-8
on a film mask, followed by soft baking,
(b-c) (Rotational and inclined) UV exposure
and post exposure baking, (d) SU-8
development and hard baking, (e-f) PDMS
double casting, (g) SU-8 replication, (h)
Removal of the PDMS mold
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Fig. 3 Intensity of 365 nm UV light reflected on
silicon wafer or graphite microparticle- coated
silicon wafer as a function of path length, 2d,
when an mudence intensity of the UV light is
10 mW/cm®. The inset shows the measurement
configuration
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Fig. 4 Effect of SU-8 soft-baking time on the
geometry (i.e., height and radius of curvature
of the microstructure tip) of 3D HAR
microstructures. (a-b) SEM images of the
microstructures fabricated with 2-hour soft
baking (a) and 24-hour soft baking (b). (c)
Height and radius of curvature of the
microstructures as a function of soft-baking
time. Bars of (a-b) are 200 um
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Fig. 5 Effect of the inclined incidence angle of UV
light on the geometry of 3D HAR micro-
structures. (a-d) SEM images of the
microstructures fabricated with an inclined
incidence angle of 65° (a), 70° (b) and 75°
(c-d). (e) Aspect ratio and radius of curvature
of the microstructures as a function of inclined
incidence angle. Bars of (a-c) are 200 ¢m, and
that of (d) is 500 rm.
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