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ABSTRACT

and island structures are discussed, focusing on the progress of recent developments and future prospects.
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Recently, soft and stretchable electronics integrated with various functional devices are attracting attention as they can be used
for stretchable display, stretchable battery, and electronic skin (e-skin). It is essential to impart stretchability to the electrical
components (e.g., electrodes and devices). However, conventional materials used in electronics have low stretchability, which
hinders the development of stretchable electronics. To solve this problem, various strategies for geometrical engineering that
enhance stretchability to rigid materials have been reported. In this paper, geometrical engineering such as serpentine, kirigami,
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Fig. 1. Serpentine [13], kirigami [8], and island structure [12] that enable stretchable electronics. Various application of
stretchable display[3], stretchable battery [16] and electronic skin [20] implemented by applying these
geometrical designs. Adapted with permission from [3], [8], [12], [13], [16], [20] respectively. Copyright 2010
Springer Nature, 2018 Springer Nature, 2014 American Chemical Society, 2013 Royal, Society of Chemistry,
2019 John Wiley and Sons and 2022 American Association for the Advancement of Science, respectively.
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Fig. 2. Serpentine structure for stretchable electronics. (a) Experiments and Finite Element Methods (FEM) for strain
analysis of interconnected serpentine [13]. Single serpentine structure at 0%~80% strain. (b) Serpentine array at
0%~ 140% strain in two-dimensional array (2x2). Adapted with permission from [13]. Copyright 2013 Royal.
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Fig. 3. Kirigami structure for stretchable electronics. (a) Kirigami pattern with grid-wrapped at 140% stain [15].
Resistance change relative to initial resistance according to thickness of polyimide and passivation method of
kirigami pattern. (b) Schematic diagram of the design and structure of the battery system based on auxetic cut
patterning [16]. Predicted deformation behavior of multicell auxetic cut systems. Adapted with permission from
[15], [16], respectively. Copyright 2019 Royal, Society of Chemistry and 2019 John Wiley and Sons, res-

pectively.
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Fig. 4. Island structure for stretchable electronics.
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(a) Ilustration of island structure. (b) Bending and stretching

experiments of rectangular island array [17]. (¢) Chemical attached and physically attached glass/PDMS island
bonding test [19]. (d) Circle-shaped island and Ferris wheel-shaped island in Ecoflex are stretched to 75% and
175%, respectively [20]. (e) Stress versus strain under stretching, Adapted with permission from [17], [19],
[20], respectively. Copyright 2015 John Wiley and Sons, 2015 John Wiley and Sons and 2022 American
Association for the Advancement of Science, respectively.
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monitors battery performance [16]. Areal discharged capacity and current density of battery systems under three
deformation modes. (b) Integrated stretchable printed display circuit board [21]. Deformable LED active matrix
can be deformed to different shape (3d guided shapes). Adapted with permission from [16], [21], respectively.
Copyright 2019 John Wiley and Sons and 2019 Springer Nature, respectively.
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Fig. 6. Transparent kirigami heater and its electrothermal performance. (a) Schematic illustration of uniaxial transparent
kirigami heater [22]. (b) Transparent kirigami heater is attached to the wrist to operate the heater in vertical
(upward and downward) motion. (c) Electricalthermal and mechanical stability tests at 0%, 50%, 100%, 150%,
200% strain. Adapted with permission from [22]. Copyright 2019 American Chemical Society.
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Fig. 7. Health monitoring of e-skin. (a) Large-area epidermal electrodes for multichannel EMG (electromyography) and
prosthetic control and laminated on the amputated upper limb of a subject [23]. (b) Schematic illustration of
e-skin consisting of pressure sensors and strain sensors [20]. (c) A radial artery pulse signal detected by the
pressure sensor. (d) Real-time monitoring of pressure and lateral strain in various deformations: (i) pressure on
the substrate and (ii) stretching the substrate along the x axis and pressure on the biaxial-stretched substrate.
Adapted with permission from [20], [23], respectively. Copyright 2022 American Association for the Advan-
cement of Science and 2019 Springer Nature, respectively.

sao g0l e 2Y2o] 489 4 9SS HolEglrk

FolAE AEH B 34 ATHL ket mop)

olE T A%A lao] 22 AAE Bl 4 ZZ 9 Mot
&2t AR A 4 Y AR HRE FEsk
(Fig. 7(b)~Fig. 7(D)[20]. B Fhu]= 72 g B0 AEHHE YYERTUAS TH]
A oldheo] Hjxjsle] qialgol] Aiglo] A% SIat ThEAQ Vst WSS 2oRekk F)
ASS GAHIC R Fao BhURE. AR QMERNAg e A 4R
Eeoflex %3+ 23] 7]410] QUL Ecoflex 750 Wo Axkite] 2g37] ofaisich. olF F2sp]
TRl AALS AT AARE Ao BE Slef BuolH 2vhsks J1sler HFSe 3 AR
of Bjuo] BT S FAG S ATk ERL AL o AHHS Foid 4 gl thi e T

wso] A copt 22 43S deid QA S (1) BEd YRS W BP0 sk 4
2 335 7RG 4 o] A AEAHE geE  wEll B3 TR ) ASY U= vlwe) dedd

133



FAUMTXIEEER|, 20224 128, 13 23, pp. 125-136
Journal of Flexible & Printed Electronics, December 2022, Vol. 1, Issue 2, pp. 125-136

Mg sk 71Evk] 2 12, () A% g @
gkt 22 9] 7129) 7154 Fe Lele of=
T2 e QoK) vpxeroE tagdol, e
g =7} AME EZkel AR nRe}l -2 AEH|A]
E ZaeiEoj|x] Judt A=A slo|BEE AR} 2|9
Fofuk 4712 thRolth. AEYHE AAAA} 7]}
@x}%%%zﬁaiw Eﬂ N 5 9l R
Q1A mR=RE
A AT 52 yERd 4= 9l
7H mj A& olE
ok ElFlo|2, A7 2UES
9 25 22 kRt 38 TR TR0 thigh AR} 1
o] A84Rl f84d= HOHH% HEEZo] Al M=t
A BAshaA 4w 74
£ 835ttt

ﬂl

=L

~
ol

FEM: Finite element method
PET: Polyethylene terephthalate
PDMS: Polydimethylsiloxane
EMG: Electromyography
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