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tronic devices.

Developments of ways to fabricate complex three-dimensional (3D) structures enable the controlling of physical and chemical
properties of the electrical systems. Especially, owing to the rapid developments of the fabrication processes (e.g., the 3D print-
ing, origami, and mechanical buckling process), researchers have integrated multifunctional and sophisticated 3D structures with
flexible and stretchable substrates for high electrical, mechanical, and optical performances. In this review, we highlight the latest
research on flexible and stretchable electric systems integrated with 3D structures such as a super-sensitive pressure sensor, a
high-performance wearable monitoring system, a multi-functional cell scaffold, a foldable thermoelectric generator, a wearable
energy harvesting system, a hemispherical photodetector array, and a projection screen with the reversible state changes. In sub-
sequent sections, we summarize the advanced research results and provide future strategies for flexible and stretchable 3D elec-
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Fig. 1. The schematic illustration and images of 3D-
structured soft electronic devices. Adapted with
permission from [16] (Copyright 2021, Springer
Nature), [17] (Copyright 2021, AAAS), [18]
(Copyright 2018, AAAS), and [19] (Copyright
2018, Springer Nature).
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Fig. 2. (a) The photographic images of 3D strain sensors (top) and in response to normal force (middle) and shear
force (bottom). The changes in the resistance of strain gauges as a function of normal pressure and shear
force (right), (b) the optical images of 3D strain sensors on a silicone elastomer substrate, (c) response of 3D
strain sensors for applying and releasing normal pressure loading. Adapted with permission from [20].

Copyright 2019, American Chemical Society.
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Fig. 3. (a) The deformation mechanism of the silicone sensors for the bending-dominated and the stretching-dominated
structure (top). The results of variations in elastic modulus (left) and densification strain (right), (b) the optical
image of the graphene nanoplatelets (GnP)-coated porous silicone rubber (SR) sensor, (c¢) the measured moving
speed under walking and running (top) and results of measurements of the continuous human pulse wave
(bottom). Adapted with permission from [21]. Copyright 2020, American Chemical Society.
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Fig. 4. (a) A photographic image and FEA results of a closed 3D MMF with gently interlocked spheroid and (b)
the opened 3D MMF by stretching the substrate and the spheroid placed in the center area. (c) Schematic
illustrations of 3D MMF and a magnified view of the encapsulated components. (d) A 3D map of micro
interconnectors with the interlocked neural spheroid. (¢) The 3D spatial distribution of light intensity and
temperatures across the 3D MMF and surface of the neural spheroid. Adapted with permission from [23].

Copyright 2021, AAAS.
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Fig. 5. (a) The schematic illustrations of a folded substrate with four thermocouples (left) and printed devices on a
substrate (right), (b) 2D printed layout for origami thermoelectric generators (TEGs; left), the photographic image
of screen-printed (middle), and fully folded TEGs (right), (c) the relationship between open circuit voltage &
applied temperature differences (left) and the maximum output power & open circuit voltages (right). Adapted
with permission from [24]. Copyright 2021, Springer Nature.
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EL:

FEA: Finite element analysis

SMP: Shape memory polymers

TEG: Thermoelectric generators

MMEF: Multi-functional mesoscale framework

TEG: Thermoelectric generator
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