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Planar metalenses, waveguides, and diffractive optics are enabling for augmented reality (AR),
light field displays, compact precision imaging and 3D sensors but are challenging to fabricate in
a cost effective and scalable manner. Unlike the well-established and mature Si fabrication
technology available for metalenses in the infrared, metalenses operating in the visible range have
faced significant hurdles for fabricating subwavelength structures and high aspect-ratio features
with precise control over the shape and sidewall roughness.

Recently, our group developed a new method enabling the fabrication of all-inorganic TiO:
structures via additive manufacturing using nanoimprint lithography (NIL). We demonstrated that
metalenses can be directly printed using stamps in a fast, scalable, and cost-effective pathway.'?
In our NIL-based approach, we fabricate all inorganic, high refractive index structures using a
TiO2 nanocrystal (NC)-based dispersion ink. Here we extended our work by reformulating our
TiO2 NC-based ink using mixtures of sized-controlled TiO2 nanoparticles of different diameters,
which enables more efficient packing, higher refractive index, and less shrinkage during
imprinting. As shown in Figure 1, this strategy yields lenses with refractive indices as high as 1.97
and absolute and relative efficiencies >80% and >90%, respectively. Our results reveal that this
simple, additive manufacturing-based approach can produce high-efficiency metalenses
comparable to or more efficient than metalenses fabricated using a subtractive manufacturing

platform.
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@ | e Row | ¢1 | c2 | C3 | C4 | C5| C6 | CT | CB | C9 | Ave |Sthex
-20 nm R1 *468 | 702 | 70.8 | 689 | 671 | 677 | 683 | 702 | 70.2 | 692 | 14
-10 nm R2 708 | 732 | 695 | 70.8 | 708 | 714 | 720 | 738 | 738 | 718 | 15

0nm R3 738 | 726 | 726 | 75.7 [ 75.7 | 751 | 714 | 714 | 70.2 | 732 | 20
+10nm| R4 720 | 720 | 757 | 775 | 745 | 726 | 726 | 745 | 720 | 737 | 20
+20nm | RS 695 | 726 | 794 | 757 | 720 | 726 | /63 | 788 | 78.2 | 750 | 35
-20 nm R6 68.9 | 738 | 708 | 70.8 | 708 | 73.2 | 732 | 745 | 738 | 722 | 19
-10 nm R7 726 | 763 | 738 | 70.8 | 720 | 751 | 763 | 763 | 72.0 | 739 | 22

0nm R8 | 767 | 782 | 732 | 720 | 726 | 775 | 782 | 769 | 726 | 752 | 26
+10nm| R9 794 | 794 (702 | 702 [ 732 | 775 | 812 | 794 | 7114 | 758 | 45

Total 80 lenses Nooav (relative)| 734 | 3.1
Efficiency = 70% Efficiency = 75% Efficiency = 77% Efficiency = 80%
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Figure 1. (a) The absolute focusing efficiencies of 81 lenses across 5 different design and (b) their average

and standard deviation for each design in (c) one calcined metalens imprint prepared from a blended ink of

size-controlled TiO; particles.




