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ABSTRACT

Metal halide perovskites have emerged as promising materials for next-generation optoelectronic devices due to their exceptional
optical properties, cost-effective solution processability, and tunable emission. Recent advancements in perovskite light emitters
highlight their potential for both photoluminescence down-conversion- and electroluminescence-based displays. However,
achieving precise patterning of perovskite films at sub-micron to micrometer scales remains a critical challenge for developing
high-resolution micro-displays. In this article, we briefly review template-based printing techniques, including nano imprint
lithography (NIL) and nano transfer printing (NTP), as efficient approaches for perovskite patterning. NIL allows for rapid and
reproducible patterning using mold stamps, while NTP enables the precise transfer of pre-formed structures to substrates,
facilitating pixel array formation. These techniques have been successfully applied to create perovskite patterns for
photodetectors, light-emitting diodes, and lasers without significant material degradation. We conclude by discussing future
research directions, emphasizing the potential of template-based printing for advancing augmented and virtual reality applications.
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Fig. 1. Process of nano imprint lithography. (a) Schematic illustration of nano imprint process using mold stamp. (b)
Mold stamp fabrication process via Si master template.
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Fig. 3. Patterning with capillary force lithography (a) Schematic illustration of patterning process using capillary force.
(b) microscale line patterns fabricated using capillary force lithography. (c) sub-microscale line patterns fab-
ricated using capillary force lithography. (a,b) Reproduced with permission [23]. Copyright 1996, American Che-
mical Society. (c) Reproduced with permission [24]. Copyright 2001, Wiley-VCH.
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Fig. 4. Patterning of halide perovskites by using nano imprint lithography. (a) 1D line patterns of (PEA),(MA),Pbslo
perovskite film fabricated using DVD mold, (b) schematic patterning process and resulting nanoscale 1D line
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Fig. 5. Patterning of halide perovskites by using capillary force-induced imprint lithography. (a) 1D line pattern of
(C¢HsCH,NH;)Pbl, perovskites fabricated using both capillary force and pressing. (b) microscale 1D line pattern
of MAPDbBr; perovskite fabricated using solvent-assisted gel printing. (c) sub-microscale 1D nanowire pattern of
MAPDBr; perovskite fabricated via rectangular groove-templates. (d) micro 2D square patterns of CsPb(Br/Cl);
perovskite fabricated by using cylindrical-hole-template. (a) Reproduced with permission [30]. Copyright 2018,
American Chemical Society. (b) Reproduced with permission [31]. Copyright 2016, American Chemical Society.
(c) Reproduced with permission [32]. Copyright 2017, American Chemical Society. (d) Reproduced with per-

mission [33]. Copyright 2017, Wiley-VCH.
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NIL: Nano imprinting lithography
NTP: Nano transfer printing
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PDMS: Polydimethyl siloxane
AR: Aspect ratio
LED: Light-emitting diode
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