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The Persistence of Memory, Salvador Dalí, 1931



SIDE VIEW Elastomer

TOP VIEW

Interconnects

Electronics

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

Mechanically robust construction for repeatable use: 

Bi-layer substrate
• Top:  soft -> stretchable
• Bottom: stiff -> high strength

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









Stretchable LEDs

Nano Lett. 11, 3881 (2011)

Temperature sensors

Nat. Mater. 12, 938 (2013)

Adv. Funct. Mater. 24, 3846 (2014)

Hydration and strain

Small 11, 906 (2015)

Near field communicationFingertip electrode

Nanotechnology 23, 344004 (2012)



3 cm

EOG sensor
EEG sensor

Color changeable glass

Wireless integrated circuit 
(Acceleration sensor, 

Ultraviolet sensor)

ACS Appl. Mater. Interfaces 12, 21424 (2020)

Smart electronic eyeglasses

Bioelectronic complex on the urinary bladder

Sci. Adv. 6, abc9675 (2020)

NPG Asia Mater. 12, 17 (2020)

NOx gas 
sensor

3D integumentary membrane on heart

Nat. Commun. 5, 3329 (2014)





Low-cost 
manufacturing 

approaches

Standalone 
stretchable device 

platform

Nanomaterial 
composites

3D freeform fabrication

Standalone device

Body area network
Nanomaterial composite

10 μmLIG/Ni/Au



Trends Analyt. Chem. 133, 116085 (2020)

Application:
• Health biomarker
• Industry safety
• Environmental monitoring
• Military countermeasures



Drop cast
sensing materials

Coat Ag ink 
on serpentine

(i)

(ii)

Transfer LIG/PI 

to soft substrate

Dispersing sensing 
material precursors 
before laser writing

Femtosecond, 
UV or CO2 laser

Skin-conforming

J. Mater. Chem. A 8, 6487 (2020) (Cover)

20 μm

Porous LIG
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Breathable gas sensor

ACS Appl. Mater. Interfaces 14, 17818 (2022)
VOx-doped LIG to decouple NOx and T

NO

NO2

VOX-doped LIG

Unpublished

Chem. Eng. J. 444, 136631 (2022)

Dual-mode for T and subtle motion

Microsyst. Nanoeng. 8, 78 (2022)

With semi-
permeable 
membrane 
for moisture-
resistant gas 
sensing

asthma or COPD

Breath analysis
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Lab Chip 20, 2635 (2020) (Cover)

One-opening chambers and hydrophobic valves (HV)



Liquid Device Hydrophobic valve

1 mm

(i) (ii) (iv)(iii)

Air-liquid interface

Air

B
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A unit cell of device

Channel

Chamber

HVBridging channel

Design

Experiment

Simulation

Lab Chip 20, 2635 (2020) (Cover)

Hydrodynamic flow process



Lab Chip 20, 2635 (2020) (Cover)

Functional demonstrations with two colors of water
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Lab Chip 20, 2635 (2020) (Cover)



Advanced Functional Materials, In Press (2022)



Chemical Engineering Journal 432, 134370 (2022)

MXene-sodium alginate sponge

△
R

/R
0

(%
)

Time (sec)

W/O heating

70% RH

Time (sec)

W heating

70% RH

Th
ic

kn
es

s 
ch

an
ge

 (%
)

30% RH 70% RH Water 
vapor

W/O heating

W/ heating

Intercalate 

Deintercalate 

0 - 11 s

❶

1 s

15 %
240 - 251 s

❷

△
R/

R 0
(%

)

Time (s)

❶
❷

Water vapor

Hf-SiO2 coating



R
es

on
an

ce
 (G

H
z)

2.86

2.88

2.90

2.92

30° 45°

Wireless motion detection

High radiation efficiency of 87 %

ACS Appl. Mater. Interfaces 11, 8867 (2019)

Meshed microstrip antenna

Arched microstrip antenna

Patch

Substrate
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Hierarchical structured

Nano-Micro Letters 13, 108 (2021) (Cover)

Top Bottom

PerspectiveSide
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iii iii
Symmetric Asymmetric

10mm 10mm10mm

Side ViewSide ViewSide View 10mm 10mm 10mm

Nano Energy 96, 107069 (2022)
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Nano Energy 96, 107069 (2022)



Nano Energy 96, 107069 (2022)
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All-LIG sensing platform

Micro 
controller
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Hydration sensors
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BendingStretching

Twisting

On Off

On-body

Microwave Ovens

Hotspots

Mater. Today Phys. 18, 100377 (2021)

L = 1 m



ACS Appl. Mater. Interfaces 14, 12855 (2022)

Pre-strain

Attach

Selective Bonding

Release

Dragon Skin
Copper
Bonding Site
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Questions? 



• Substrate: Silk (FDA approved), PLGA

• Interconnects: Mg, Fe, Zn, W

• Electronic components: Si, SiO2

Transient Electronics Rec. Daily Intake

Science 28, 1640 (2012) (Cover); 
Adv. Mater. 26, 1992 (2014); Adv. Funct. Mater. 24, 645 (2014)

Mg ~ 300 mg, Si ~ 10 mgMg ~ 100 µg, Si ~ 3 µg






MgO: thickness control
 Silk: tunable dissolution
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MgOMg ACS Appl. Mater. Interfaces 7, 19870 (2015)

Science 28, 1640 (2012) (Cover)



2mm

5 min

3 min

10 min

In water

0 min

1 cm

Science, 2012, 28, 1640 (Cover)



Nature, 2016, 530, 71

Nat. Mater. 15, 782 (2016)

Brain monitor

Cerebral cortex spatiotemporal mapping
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Low-cost transient sensors



J. Mater. Chem., 2012, 22, 15683

Large-scale, Roll-to-Roll

Intense pulsed 
light sintering

Nanotechnology, 2016, 27, 495602

Broad oFutput spectra

Fast and high 
energy (1000J 
within ms)

Small, 2017, 13, 1700065

Wide range of materials
• Conductors (Zn NPs, Ag 

NPs/NWs/film, Au, Cu)
• Semiconductors (indium 

gallium zinc oxide, IGZO; 
Cu2ZnSnS4, CZTS)

On diverse substrates 
(glass, plastic, polymer)



Materials Today 50, 24-34 (2021) (Front Cover)
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Smart Internet-of-Things (IoTs)
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50 μm 10 μm1cm

20 μm 5 μm1cm

Zn layer patterned on the seashell

Ag layer on the seashell by a single-replacement reaction

Materials Today 50, 24-34 (2021) (Front Cover)



Electrode

Object under 
investigation

Unpublished






ACS Appl. Mater. Interfaces 12, 45504 (2020)

On-body sensors

FPCB
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(i) (ii) (iii) (iv)

(i) (ii) (iii)
2 h at 25 °C 10 mins at 60 °C 5 mins at 60 °C

+ Stirring

Removal of the device from the skin in warm water flow

ACS Appl. Mater. Interfaces 12, 45504 (2020)



Biosens. Bioelectron. 168, 112569 (2020)

Self-powered
Wireless



Nano Energy 81, 105609 (2021)

Stretchable ZnP@LIG supercapacitor



Appl. Phys. Rev. 9, 011413 (2022), Cover

Pulse sensor powered by the self-charging units

Supercapacitor

Strain Sensor

Nano Energy 96, 107069 (2022)

RF charging



LIG composites Body area sensor network

3D freeform fabrication

Physiological 
signals

Standalone stretchable platform



Questions? 



Thank you for 
attending!

We would love your 
feedback

This webinar recording will be found at:
https://www.cneu.psu.edu/webinars/
https://www.youtube.com/@nano4me

https://www.cneu.psu.edu/webinars/
https://www.youtube.com/@nano4me

	Standalone stretchable device platform for human health monitoring
	Hosted by NACK
	Presenter
	Standalone stretchable device platform for human health monitoring
	acknowledgements
	Soft Approach to Electronics
	Device-interconnect Design
	Various stretchable Sensors
	Integrated system
	precision medicine and healthy aging
	Research thrusts
	Stretchable gas sensors
	LIG sensing platform
	LIG functional composites
	LIG glucose sensor
	Soft microfluidic devices
	Soft microfluidic devices
	Soft microfluidic devices
	Soft microfluidic devices
	Surface wettability design
	sustained superhydrophobicity
	Stretchable metal antenna
	Strain-insensitive Antennas
	On-body communication
	asymmetric 3D microstrip antenna
	Enhanced gain and radiation
	RF Energy Harvesting
	RF Energy Harvesting
	Stretchable Wideband Rectenna
	RF energy harvesting
	RF energy harvesting
	Questions?
	Electronics that dissolve
	Engineered Lifetime
	System Level Device
	Transient implantable devices
	Large scale AM w/ xenon flash
	3D biodegradable sensors
	3D biodegradable sensors
	Circuits on complex seashell
	Electrical Impedance Tomography
	Body area sensor network
	Simple fabrication process
	On-body sensors
	enhanced contact quality
	Motion artifact-free sensing
	Easy removal of sensors
	Future perspective
	self-powered stretchables
	Standalone Stretchable Sys.
	Thank You for Your Attention!
	Slide Number 52
	Slide Number 53

