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Abstract: Micro light-emitting diodes (LLEDs) have been utilized in various fields such as displays, and smart devices, due to

their superior stabilities. Since the applications of the uLEDs have been extended to medical devices and wearable sensors,

excellent optical properties and uniformity of the uLEDs are important. Hence, several researchers have investigated to enhance

the optical efficiency of the pLEDs through micro/nano lens. However, the reported methods for realizing the micro/nano lens

have some drawbacks such as complex and high-cost manufacturing processes. Herein, we developed pLEDs with 3D-printed

hydrogel microlenses. The printed hydrogel had high transparency and excellent adhesive strength, allowing it to attach onto top

surface of the pLEDs without any additional adhesives. Microscale printing technology using a 3D printer achieved quick and

fine printing in desired shapes and arrangements, showing the possibility of mass production. The 3D-printed microlens can be

applied to improve not only the optical properties of pLEDs but also other optical devices.
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Fig. 1. (a) Schematic for fabricating 3D printed hydrogel microlenses onto puLED chip, (b) 400x400 um red pLED array with hydrogel
microlenses, and (c¢) dimensional information of the nLED with hydrogel microlenses for optical property enhancement.
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Fig. 2. (a) Magnified photograph of red pLED without hydrogel-based microlens, (b) I-V and, and (c) electroluminescence (EL) curves of red

uLED without hydrogel-based microlens.
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Fig. 3. (a) Optical microscopic images of 3D printed hydrogel lines, (b) comparison of viscosity curve according to glycerol comprisal. 3D
printed hydrogel lens array (c) before and (d) after UV curing (the left top image shows hydrogel lens curing system with 365 nm wavelength
UV radiation. The right top image presents the deformed hydrogel microlens after UV curing).
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Fig. 4. (a) Magnified optical image of 400x400 um? red pLED without hydrogel microlens, (b) 3D printing process of hydrogel lenses on the
LLED array, (c) overall structure of the pnLED with hydrogel microlenses (left top) (side view of hydrogel lenses, showing 3D printing
uniformity) and targeted printing region, and real-printed hydrogel region on the pnLED chip (right), (d) EL graph, and (e) EL intensity of the
pLED with hydrogel lenses according to the number of the hydrogel lenses.
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