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ABSTRACT

With the rapid advancements in industry science and technology, mechanical structures must respond to applications across

diverse fields and scales. However, traditional mechanical equipment faces challenges in sectors that demand very small scales
or intricate material properties, especially concerning component assembly and precision. Mechanical metamaterials based on
Kirigami and Origami present a potential solution by enabling specific functionalities and properties directly within the structure
itself. This review article provides an overview of this technology and highlights the trends in its applied research.
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Fig. 1. (A) Different categories of origami and kirigami-based metamaterials. (a) Rigid origami. (b) Rigid hybrid
ori/kirigami. (c¢) Rigid kirigami. (d) Deformable origami. (¢) Deformable hybrid ori/kirigami. (f) Deformable
kirigami. (B) origami and kirigami-based metamaterials. Adapted with permission from [3-4], [11], [13], [17],
[20-29] respectively. Copyright 2021 Appl. Phys. Rev. 2020 Mater. Today, 2016 Nat. Mater, 2020 PNAS, 2021
Sci. Robot, 2019 PNAS, 2016 Nat. Mater, 2015 PNAS, 2013 IDETC-CIE&ASME, 2014 Sci, 2018 PNAS, 2015
Nat. Mater, 2020 Adv. Mater, 2015 Nat and 2015 PNAS. Respectively. (C)Perovskite solar module using
kirigami-based stretchable hidden electrode. Adapted with permission from [6]. Copyright 2019, ACS nano. (D)
A kirigami-origami hybrid-based self-folding micro-LED cube. Adapted with permission from [4]. Copyright
2020, Mater. Today. (E) A kirigami-origami hybrid-based turning soft robot. Adapted with permission from
[20]. Copyright 2019, PNAS.
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Fig. 2. (A) Self-replicating Kirigami Patterns on Substrates for Enhanced Conformal Contact and Versatility. Adapted
with permission from [5]. Copyright 2014, PNAS. (B) effects of the kirigami approaches on the conductive
interconnects. Adapted with permission from [6]. Copyright 2019, ACS nano. (C) Schematic of the kirigami
microfabrication process and SEM (scanning electron microscopy, SEM) of the cross-section of a micro kirigami
nanocomposite. Adapted with permission from [9]. Copyright 2015, Nat. Mater. (D) Programmable kirigami
metamaterials with controllable local tilting orientations through a new approach of kiri-kirgami. Adapted with
permission from [7]. Copyright 2017, Adv. Mater.
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Fig. 3. (A) Stretchable perovskite solar module with high areal coverage. Adapted with permission from [6]. Copyright
2019, ACS nano. (B) An example of a kirigami-structured window auxiliary device for enhancing building
energy efficiency and a comparison with cases without such application. Adapted with permission from [7].
Copyright 2017, Adv. Mater. (C) A device for controlling plasma patterning utilizing changes in electrode
roughness upon stretching of kirigami patterns. Adapted with permission from [9]. Copyright 2015, Nat. Mater.
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Fig. 4. Applications of Origami-based Mechanical Metamaterials (A) Foldable Solar Panels Leveraging Miura
Folding-Based Metamaterials. Adapted with permission from [12]. Copyright 2021, IJEET. (B) Magnetically
Actuated Soft Robots Utilizing Origami-Based Mechanical Metamaterials. Adapted with permission from [13].
Copyright 2020, PNAS. (C) Mechanical Metamaterials Based on Ron Resch Origami Applied as Folding Solar
Shades in Al Bahar Towers. Adapted with permission from [14-15] respectively. Copyright 2021, Adv. Sci. and
2014, Sci. Rep. Respectively. (D) Transformable Tires Incorporating Waterbomb Origami Structures. Adapted
with permission from [16-17] respectively. Copyright 2013, IDETC-CIE and 2021, Sci. Robot. Respectively.
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Fig. 5. Applications of Origami-based Mechanical Metamaterials (A) Robotics using Origami and SMP (Shape Memory
Polymer). Adapted with permission from [18]. Copyright 2012, CHI (B) Design of Mechanical Metamaterial
based on Waterbomb Origami and Deformable Tire using SMA (Shape Memory Alloy). Adapted with
permission from [19]. Copyright 2019, Chaos Solitons Fractals.
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Fig. 7. Fabrication of self-assembling substrate utilizing kirigami-origami hybrid-based mechanical metamaterials: (A)
Control of origami through combining bistable structures with a flexible polymer substrate (B) Various types of
self-assembled shapes based on kirigami-origami hybrid (C) Flexible substrate processing via optical lithography
and manufacturing method using a mold. (D) A micro self-assembled LED device. Adapted with permission
from [4]. Copyright 2020, Mater. Today.
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