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Optics made for the mid-wave infrared (MWIR) and long-wave infrared
(LWIR) bands are generally heavy, thick, and expensive. An MDL, which is many
times lighter and thinner than traditional optics, that operates in MWIR or LWIR
would be invaluable!?. Imaging in the MWIR and LWIR bands (3 to 5 um and 8 to
12 um) is useful for molecular fingerprinting, low light level night vision, tracking
missiles, surveillance, emergency response, biomedical imaging, astronomy, non-
destructive testing of integrated circuits, and environmental monitoring>*. Many of
these applications would benefit from thinner, lighter optics, especially any
application where weight is a limiting factor, such as on a satellite, drone, or
headset.

MWIR systems also provide exceptional clarity in various weather
conditions, making it well-suited to long range imaging applications as well.
Metalenses have been developed for the MWIR band; however, their aperture
diameters are typically under 1 mm and their fabrication in silicon is relatively
complex, requiring minimum feature widths of 0.36 pm and aspect ratios reaching
up to 12.6 *3. Fabricating these devices remains so complex that, despite the
success of advanced inverse design algorithms in producing achromatic MWIR
metalenses in silicon, experimental realization has yet to be achieved due to
persistent fabrication constraints.

We have designed several MDLs with large apertures ranging from 25 mm
to 150 mm using inverse design methods*°. We fabricated each design, shown in
Fig. 1, with grayscale lithography on both silicon and sapphire wafers using the
Heidelberg 66+ pattern generator on a positive-tone photoresist (ma-P1275,
Microresist Technology GmbH).

Additionally, we optically characterized the optical properties of our lenses,
and, in some cases, incorporated the lenses into hybrid telescopes to demonstrate
field performance, as shown in Fig. 2.
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Fig. 1: Fabricated MWIR device with diameters of (a) S0 mm, (¢) 83mm, and (d) 25 mm. (d) Fabricated
LWIR device with diameter of 150 mm.
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Fig. 2: Imaging with a refractive-MDL hybrid telescope. (a) Photograph of telescope comprised of the MDL as
the fast eyepiece and a ZnSe refractive (focal length = 150 mm) as the primary lens. (b) Image of an AF target,
demonstrating angular resolution of 160 prad (object distance = 2.5 m). The target is back-illuminated by a hot-
plate. Examples of field imaging: (c) exhaust plumes from an aircraft through clouds, (d) van and (e) car driving
in a parking lot. Figure adapted from [4].



