STANDALONE
STRETCHABLE DEVICE
PLATFORM FOR HUMAN
HEALTH MONITORING

Larry Cheng, Associate Professor at Penn State

Huanyu.Cheng@psu.edu



This webinar is hosted by: y
==
DUE 2000725

& | Building College-University

P ]ACK Partnerships for Nanotechnology

¢t ntEn| Workforce Development

The Nanotechnology Application and Career Knowledge (NACK)
Resource Center is a National Science Foundation (NSF)
Advanced Technology Education (ATE) Regional Center for
Nanofabrication Manufacturing Education. NACK is a subsidiary
of the Center for Nanotechnology Education and Utilization
(CNEU) in the Penn State College of Engineering’s department of
Engineering Science and Mechanics.

CENTER FOR NANOTECHNOLOGY

-3 PennState
@ College of Engineering EDUCATION AND UTILIZATION




Co-host Presenter

Zac Gray Vishal Saravade Huanyu “Larry” Cheng
Managing Director Assistant Teaching James L. Henderson, Jr.
NACK Center / CNEU Professor Memorial Associate
CNEU Professor of Engineering
Science and Mechanics
Penn State

CENTER FOR NANOTECHNOLOGY

-3 PennState
College of Engineering EDUCATION AND UTILIZATION




STANDALONE
STRETCHABLE DEVICE
PLATFORM FOR HUMAN
HEALTH MONITORING

Larry Cheng, Associate Professor at Penn State

Huanyu.Cheng@psu.edu



Mational Institute MNational Heart, Lung, National Institute of
on Drug Abuse  and Blood Institute  Biomedical Imaging

and Bioengineering

National institute for
m ccupational Safer and Health
:.. ACS PRF
CHAN =N ’,,

ZUCKERBERG
INITIATIVE )"

N\ Meta 2
~ hhmi %@TE

Howard Hughes SETTING THE STANDARD
Medical Institute

Pennstate .F g:=== M5 Innevatan
College of Englneerlng

-3 P
PennState ra em—IState

! Materials Research
Huck Institutes of Institute

the Life Sciences -3 PennState

PennState ¥ Institutes of Energy
Institute for Computational and the Environment

and Data Sciences = '
==) \ Ben Franklin
T&lﬁ:hnDh:rr_J_",f PArtners

Nertheastern Pennsylvania




SOFT AFPROACH TO ELECTRONICS

The Persistence of Memory, Salvador Dali, 1931

-~ PennState ENGINEERING SCIENCE
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DEVICE-INTERCONNECT

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

------------------------------------

------------------------------------

! Elastomer i
L. : .

Mechanically robust construction for repeatable use:

i-layer substrate
e Top: soft -> stretchable

) ' « Bottom: stiff -> high strength

Nat. Commun. 4, 1543 (2013) 5 Seate N GINEERING SCIENCE
Adv. Mater. 25, 6839 (2013) fa ennSta
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VARIOUS STRETCHAB

LLE SENSORS

Stretchable LEDs Hydration and strain
stretched (~106 %) ;
——

Nano Lett. 11, 3881 (2011)

Temperature sensors Fingertip electrode Near field communication

Nat. Mater. 12, 938 (2013) Nanotechnology 23, 344004 (2012) Small 11, 906 (2015)



INTEGRATED SYSTEM

Smart electronic eyeglasses NO, gas [No, sensing system onwrist [ Temperature 1o’
EEG sensor EOG sensor sensor i

Wireless integrated circuit
(Acceleration sensor,
Ultraviolet sensor)

NPG Asia Mater. 12, 17 (2020)
Bioelectronic complex on the urinary bladder
3D integumentary membrane on heart | P“:LZE“' £ *

Continuous monitaring

Contraction

ACS Appl. Mater. Interfaces 12, 21424 (2020)
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Nat. Commun. 5, 3329 (2014) T Optoelectronic . el ﬁaﬁ

Sci. Adv. 6, ab09675 (2020) device arrays



PRECISION MEDICINE AND HEALTHY
AGING
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RESEARCH THRUSTS

Nanomaterial composite

Standalone device

Low-cost
manufacturing
approaches

Nanomaterial
composites

Standalone
stretchable device
platform
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leslnh:gh

signals

I

smartphone
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Body area network
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STRETCHABLE GAS SENSORS

1extiles

Stretchable
Gas Sensors

Application:

Health biomarker
Industry safety
Environmental monitoring
Military countermeasures

Trends Analyt. Chem. 133, 116085 (2020)

-~ PennState ENGINEERING SCIENCE
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LIGC SENSING PLATFORM

Femtosecon:nl, Varyi ng gas T (GOIMOS, @60°C
UV or CO, laser 9
- Transfer LIG/PI specificity for g |
combinatorial 2
{ : 2 2
/ : | to soft substrate sensing :
(i) Dispersing sensing _ 1 oo Cu0/ZnO @RT 0
material precursors Coat Ag ink ]
before laser writing on serpentine

Response (%o)

5 () oropeas ﬁ c

sensing materials ‘[ ~~~~~~~

~~

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




LIG FUNCTIONAL COMPOSITES

Breathable gas sensor Dual-mode for T and subtle motion
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ACS Appl. Mater. Interfaces 14, 17818 (2022)
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LIG GLUCOSE SENSOR
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SOFT MICROFLUIDIC DEVICES

One-opening chambers and hydrophobic valves (HV)

PDMS capping layer

Assayﬂﬁ e Ly
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Sequential collection

Lab Chip 20, 2635 (2020) (Cover) "2 PennState ENGINEERING SCIENCE
College of Engineering AND MECHANICS



SOFT MICROFLUIDIC D

EVICES

Design
Channel
LAunit cell of device |
Hydrodynamic flow process
o .. " e, F
(1") :
Experiment '
Simulation
I Liquid I Device [ Hydrophobic valve

Lab Chip 20, 2635 (2020) (Cover) "3 PennState ENGINEERING SCIENCE
College of Engineering AND MECHANICS



SOFT MICROFLUIDIC DEVICES

Functional demonstrations with two colors of water
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Seguential measurement of sweat pH values
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Lab Chip 20, 2635 (2020) (Cover) PennState ENGINEERING SCIENCE
College of Engineering AND MECHANICS
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SURFACE WETTABILITY DESIGN

Hydration environments
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SUSTAINED SUPERHYDROPHO|

MXene-sodium alginate sponge

Intercalate

404 WI/O heating
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STRETCHARBLE METAL ANTENNA

Arched microstrip antenna ] Wireless motion detectlon
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STRAIN-INSENSITI\!?E ANTENNAS

@ 161 %74 .
1 S 1.5 Pre-strain
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ON-BODY COMMUNOICATIGN
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ASYNIMETRIC 3D MICROSTRIP ANTENNA
Symmetric Asymmetric

i 10mm i 10mm i

10mm
Average receiving power Data packet loss rates
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Nano Energy 96, 107069 (2022)



ENHANCED GAIN AND RADIATION

2D 1:1
dB(GainTotal) z dB(GainTotal)
I 0.95 I 1.57
-15.58 -8.00
| -30.20 4 l-l?.ﬁﬂ

2:1

dB(GainTotal)

I 3.09

-6.90

4 |—16.81

Nano Energy 96, 107069 (2022)




RF ENERGY HARVESTING

Double-arched
microstrip antennas
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RF ENERGY HARVESTING

2.4GHz RF Source
)

Flexible —4
Supercapacitor /
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STRETCHABLE WIDEBAND RECTENNA

Wide bandwidth stretchable antenna

0 0 All-LIG sensing platform
<«—>{ 0.47 GHz _ <> 0.14 GHz Near and far field communication modules
e
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Mater. Today Phys. 18, 100377 (2021)



RF ENERGY HARVESTING
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RF ENERGY HARVESTING

() Dragon Skin
m Copper
B Bonding Site

Pre-strain
(ii)
- Selective anding
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-
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(iii)

i
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ACS Appl. Mater. Interfaces 14, 12855 (2022)
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ELECTRONICS THAT DISSOLVE

- Substrate: Silk (FDA approved), PLGA
- Interconnects: Mg, Fe, Zn, W

- Electronic components: Si, SiO,
Transient Electronics Rec. Daily Intake

Mg ~ 100 pg, Si ~ 3 pg Mg ~ 300 mg, Si ~ 10 mg
: i -4 PennState ENGINEERING SCIENCE

Adv. Mater. 26, 1992 (2014); Adv. Funct. Mater. 24, 645 (2014)






ENGINEERED LIFETIME

= MgO: thickness control
= Silk: tunable dissolution

ACS Appl. Mater. Interfaces 7, 19870 (2015)

/Mg MgO — |

30

= ~ S|Ik overcoat
S l
=10 O g
D: /

O . ’()

0 30 100 120
TI me (hr) Science 28, 1640 (2012) (Cover)

-~ PennState ENGINEERING SCIENCE
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SYSTEM LEVEL DEVICE

O min

A
In water k
. S .
‘; - H#f é &? Lo :
T 4 r\.k ._I'L,/
- 9 .
10 min &l\g‘es\ 5 min

-3 PennState
¥ College of Engineering

Science, 2012, 28, 1640 (Cover)
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TRANSIENT IMPLANTABLE DEVICES

Cerebral cortex spatiotemporal mapping

&
i ..". - LY

|
'e;‘ T Bioresorbable electrode ' Sleep spindle activity

AR A Ir'LJL_j'H o -"lj"w".;ﬁ__,'*h] 'i/ .i |||I \ J,".,K_I»wnl“ s, r_r'i_.r_,,.f]_.?‘ 1_.LJr‘liJ.'lj"hr._ﬁr__;_a_p_;hn_.l" | 50 pV
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Nat. Mater. 15, 782 (2016)
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> >
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Nature, 2016, 530, 71
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ACS Appl. Mater. Interfaces 10, 36664 (2018)



LARGE SCALE AM

Intense pulsed w

light sintering

unsintered
nanoparticles

Fast and high

energy (1000J ﬂimﬂ?d]

within ms nanoparticles l
) ~

Ilf"r'

subsirate

Nanotechnology, 2016, 27, 495602

Large-scale, Roll-to-Roll
Xe jeeq |

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

W/ XENON FLASH

Broad oFutput spectra
' Unfiltered

Emizzion Spoctra Xenon Lamp (partly UV filtered)

flashlamp spectra

= 05 . - [
£ o \-— 'ﬂ—,-— —re ]

o | 4 ) o
S50 a50 S&0 a0 Fa0 a5y wE t
nm 1A1nm

Uh: 350900 Wisifle: A00-750 Rear Infrared: F50-1200 rim

Wide range of materials

» Conductors (Zn NPs, Ag
NPs/NWs/film, Au, Cu)

« Semiconductors (indium
gallium zinc oxide, 1GZO;
Cu,ZnSnS,, CZTS)

On diverse substrates
(glass, plastic, polymer)

Small, 2017, 13, 1700065
-3 PennState
¥ College of Engineering
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3D BIODEGRADAE

LE SENSORS

PP~ o Il Xenonlight IV Znevaporation V Remove mask
-‘:ﬁ- “f ZnNP
> = > = -
I . i . . q = ti = pae  Zn0O shell
I —
. n
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: —> , —_—> TR Pl
Phet - AT AR — mm Target substrate

rr‘ ﬂ":a. i'i- “1.
e, @ Py "
—> = —_>
l =
f‘-i-% Tt
& Y — AR
CuSO,

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




3. BIODEGRADABLE SENSORS

Smart Internet-of-Things (IoTs)

Electrodes

Temperature sensor Humidity sensor Dipole antenna
-45 O —
8 >
°_ cold water
2 60 407 -101
3 S ) :
g empty beaker X s N 20 A ist No water
2 401 @ 3 j .
£ < n Contacting
= 30 -301
201 2nd Immerged
hot water o5 40 :
0 5 10 15 “0 50 60 70 80 2 3 4 5
Time (min) Relative Humidity (RH) Frequency (GHz)

Materials Today 50, 24-34 (2021) (Front Cover) '3 PennsState ‘ ENGINEERING SCIENCE
College of Engineering AND MECHANICS



CIRCUITS ON COMPLEX SEASHELL

Zn layer patterned on the seashell

ENGINEERING SCIENCE
AND MECHANICS

Materials Today 50, 24-34 (2021) (Front Cover) [3 PennState
College of Engineering



ELECTRICAL IMPEDANCE TOMOGRAPHY

Medical AC/DC
w1\ power supply
: Visual Tomography
~ software '

Power box

Miniatur
M ElTsensq v,
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\ : .
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BODY AREA SENSOR NETWORK

On-body sensors

Yl N :WireIeT

Direct
Printing

1Ag device
I

- mmm -
.y

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

| | — i

y

—

“ : Paper/fabric or

Mobile data collection |skin substrate P ACS Appl. Mater. Interfaces 12, 45504 (2020)



BRICATION PROCESS

SIMPLE FA

Reduced roughness Interfacial sintering at room temperature
Before After - ) Ty 6 6
sintering aid layer
{ e & 4l 14 o
(=t 0
T® ; i
= 27 12
{ = O M
._ OW e *““‘ T
10° 10 10° 10° 10*10° 10' 10* 10° 10°*
Bending cycles Folding Cycles
3D origami paper structures Stamping on the textured skin surface

ﬁ Flexible printed

circuit board (FPCB)

Drying with
hairdryer
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ON-BODY SENSORS
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ENHANCED CONTACT QUALITY
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MOTION ARTIFACT-FREE SENSING
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EASY REMOVAL OF SENSORS
(i) (i) (i)

2 hat 25 °C 10 mins at 60 °C 5 mins at 60 °C
+ Stirring

Removal of the device from the skin in warm water flow
‘\ (i) \ (if) \ (i) [Ny (V)
A\ \ \ :
) . ) ‘__ ) \Q — v
s P
& < ® o

LI L

ACS Appl. Mater. Interfaces 12, 45504 (2020) pg=»w pannState ENGINEERING SCIENCE
g College of Engineering ‘ AND MECHAMICS
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FUTURE PERSPECTIVE
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Biosens. Bioelectron. 168, 112569 (2020) College of Engineering AND MECHANICS
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SELF-POWERED STRETCHAILES

Stretchable ZnP@LIG supercapacitor

Nano Energy 81, 105609 (2021)

~ stretchable crumpled gold-based TENG stretchable MSCAs crumpled graphene-based strain sensor
Au film InP@LIG crumpled graphene

crumpled Au film



STANDALONE STRETCHABLE SYS.

RF charging

Sensors <= . physiological signals |=
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Appl. Phys. Rev. 9, 011413 (2022), Cover
Nano Energy 96, 107069 (2022)

Pulse sensor powered by the self-charging units
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THANK YOU FOR YOUR ATTENTION!

LIG composites Body area sensor network

Physiological
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Questions? |




Thank you for
attending!

We would love your
feedback

This webinar recording will be found at:

CENTER FOR NANOTECHNOLOGY

-3 PennState
F College of Engineering EDUCATION AND UTILIZATION



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