-5 L =
%T'_':IL—I—::E

DOI: 10.3938/PhiT.22.040

galetat etz 4o AA |

5t ZAKE B Z OO A

= i

ECLIED

=1

Research on Optical Devices and Optical Imaging
Systems Inspired by the Structure of an Insect’s
Eye

Young Min SONG and Yong Tak LEE

An understanding of the light-sensing organs in biology cre-
ates opportunities for the development of novel optic systems
that cannot be made available with existing technologies.
Insects’ eyes are particularly notable for their exceptional
and interesting optical characteristics, such as wide fields of
view and infinite depths of field. Also, some insects contain
nanophotonic structures that provide exceptional optical
behaviors. Here, we introduce recent progress in optical de-
vices and optical imaging systems with designs inspired by

insects’ eyes.
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Fig. 1. Schematic illustration of anatomy of (a) single lens eye and
(b) compound eye.
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Fig. 2. (@) Scanning electron microscope (SEM) image of an artificial
compound eye fabricated by the biologically inspired 3D optical
synthesis method.® (b) SEM image of the dome patterns with 2D
crystals on the hemispherical surfaces.””
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Fig. 3. (@) Schematic illustration of integration schemes for a digital
camera that takes the form of a hemispherical, apposition compound
eve. (b) Image of a representative compound eye system after hemi-

spherical deformation.”
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Fig. 4. (a) Picture of line art illustration of a fly captured with a
hemispherical, apposition compound eye camera, rendered on a
hemispherical surface that matches the shape of the device. (b)
Simulation image computed by ray-tracing analysis, assuming ideal
construction and operation of the camera. (c) Pictures of a soccer
ball captured at three different angles relative to the center of the
camera: -50° (left), 0° (center), and 50° (right).”’
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Fig. 5. Schematic illustrations of surface reflection at (a) flat surface
and (b) moth eye structure. (c) SEM image of parabola shaped
moth eye structures on a GaAs substrate, fabricated by pattern
transfer of lens-like shaped photoresists.® (d) Measured reflectance
as a function of wavelength for the fabricated parabola-shaped
nanostructures on a GaAs substrate. The measured reflectance of
bulk GaAs is shown as a reference. (e) Comparison of 4-inch
processed antireflective black silicon (right) with reflective polished
bare silicon (left).
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