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SOFT APPROACH TO ELECTRONICS

The Persistence of Memory, Salvador Dali, 1931
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DEVICE-INTERCONNECT DESIGN

Microscale stretchable battery :
« >300% biaxially, little loss over cycles

Nat. Commun. 4, 1543 (2013)
Adv. Mater. 25, 6839 (2013)

Bi-layer substrate
«  Top: soft -> stretchable
«  Bottom: stiff -> high strength
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VARIOUS STRETCHABLE SENSORS

Stretchable LEDs Hydration and strain
stretched (~106 %)
B

Nano Lett. 11, 3881 (2011)

Temperature sensors Fingertip electrode

Nat. Mater. 12, 938 (2013 Nanotechnology 23, 344004 (2012)

Small 11, 906 (2015
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INTERED ON THE SKIN

On-body
-~ sensors

1 Printing
|

:Sintered

1Ag device
|

1.Temperature
2.Blood Oxygen
3.ECG, heart rate
4 Respiration rate
5.Blood pressure

: Paper/fabric or |
Mobile data collection 1 skin substrate 4 ACS Appl. Mater. Interfaces 12, 45504 (2020)



REDUCED ROUGHNESS

Porous structure in paper and textile substrates Before After

sintering aid layer
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REDUCED SINTERING TEMPERATURE
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IMPROVED MECHANICAL PROPERTIES

Electrical properties Electromechanical properties
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PAPER/FABRIC-BASED FPCBS
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3D origami paper structures

Flexible printed
circuit board (FPCB)
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STAMP TRANSFER PRINTING

Polymer pattern on a

Stamping on the textured skin surface
wooden stamp |
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ON-BODY SENSORS
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ENHANCED CONTACT QUALITY
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EASY REMOVAL OF SENSORS

(i) (ii) (iii)
2hat25°C ;O mins at 60 °C 5 mins at 60 °C
e \ + Stirring

Removal of thg device from the skin in warm water flow

(i) ;‘/ M(iii) E‘ (iv)
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FUTURE PERSPECTIVE
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Stretchable
Piezoelectric Devices

Wireless
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Si1 (dB)

STRETCHAE

Wide bandwidth stretchable antenna

LE METAL ANTENNA

High radiation efficiency of 87 %

" ACS Appl. Mater. Interfaces 11, 8867 (2019)
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STRAIN-INSENSITIVE ANTENNAS

Hierarchical structured
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AMBIENT RF ENERGY HARVESTING

Awe-ZAdem ChnidR@EA/S12kHE ; T 1'"', e !
2.3 7EGHT . ~S=dEm W S Boofll
=454 & -==

S:tl etcﬂai)lé
rectenfins =1

Awe-2ddem  ChndREA/E12kHE

c.ERRAGHEZ . -7 dEm W
S A ~d R

Spectrum analyzer

Hotspot
s

Peak input power (uW)
5 1.26 0.5 0.32

£0.08 1 * 0

W)

=
>
>N

Olltpl(ljt Power (u
(e}
N
o~
Effective Efficiency (%)

\-
0.02 1 s
0.00 ‘ ‘ ——10
0 20 40 60
Distance from the microwave oven (cm)
PennState ENGINEERING SCIENCE
Mater. Today Phys 2021, In Press @ College of Engineering AND MECHANICS



SELF-POWERED STRETCHABLE SYSTEMS

Al 3

Stretchable ZnP@LIG

Nano Energy 81, 105609 (2021)

stretchable crumpled gold-based TENG stretchable MSCAs crumpled graphene-based strain sensor
ZnP@LIG crumpled graphene

Rectifie Mm\\

crumpled Au film ) e ANICS




BIOINSPIRED DUAL-MODE E-SKIN
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Nano Energy 78, 105337 (2020)
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BIOINSPIRED DUAL-MODE E-SKIN
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