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New Wireless Sensors Apply Directly to Skin,
Improving Collection of Patient Information

Huanyu “Larry” Cheng
Penn State University
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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

[VUUvUY

JUVUVUWY 'UU]
UV

>

|

VUV

‘\“-< =

-rjuumju LTI T LTI LTI A
WWUUWUNaEnn e

=@l Interconnects

\ .

TP S

i\

VWY I
VW <

— : Elastomer
g T E

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

Nat. Commun. 4, 1543 (2013)
Adv. Mater. 25, 6839 (2013) '~ 3 PennState ENGINEERING SCIENCE
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VARIOUS STRETCHABLE SENSORS

Stretchable LEDs Hydration and strain
stretched (~106 %) . T — o
—

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 Nox g‘ AS |NO, sensing system on wrist i Temperature 1 mm
eyeglasses  FFC™U  cogsensor sensox Y
Wireless integ:rated circuit
(Acceleration sensor, ~
Ultraviolet sensor) Color changeable glass 3cm

NPG Asia Mater. 12, 17 (2020)
Bioelectronic complex on the urinary

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

3D integumentary membrane on bladder ™7 f
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thread

Optical stimulation
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Nat. Commun. 5, 3329 (2014) . Optoelectronic
Sci. Adv. 6, abc9675 (2020) device arrays
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PRECISION MEDICINE AND HEALTHY AGING

'~ PennState ENGINEERING SCIENCE
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RESEARCH THRUSTS

Nanomaterial composite

Body area network
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BLE GAS SENSORS

textileg

Stretchable
Gas Sensors

Application:

Health biomarker
Industry safety
Environmental monitoring
Military countermeasures

Trends Analyt. Chem. 133, 116085 (2020)
-3 PennState ENGINEERING SCIENCE
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LIGC SENSING PLATFORM

Femtosecond, 'Va_rying- gas 6 |Lppm rGO/MoS, @60°C
UV or CO, laser eps o
specificity for ; |
y Transfer LIG/PI . R
> / combinatorial ¢
to soft substrate‘:{ sensing g 5
o’ W Tl 2
(ii) Dispersing sensing . 1 ppm Cu0/ZnO @RT °
material precursors Coat Ag ink 1
before laser writing on serpentine q Lppm e Wopem,
N
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(J (l) Drop cast f“) ' ~
sensing materials :.;::: A (ooﬁx%moo e o
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J. Mater. Chem. A 8, 6487 (2020) (Cover)




LIG GLUCOSE SENSCR
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LIG CO, laser
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Biosensors and Bioelectronics 193, 113606 (2021)
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STRETCHABLE METAL ANTENNA

Arched microstrip
antenna

Substrate

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

Wireless motion detection
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STRAIN-INSENSITIVE ANTENNAS
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ON-BODY COMMUNICATION
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ASYNMMETRIC 30
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ENHANCED GAIN AND RADIATION

2D 1:1

7 dB(GainTotal) = dB(GainTotal)
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RF ENERGY HARVESTING
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RF ENERGY HARVESTING

2.4GHz RF Source
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STRETCHABLE WIDEBAND RECTENNA

Wide bandwidth stgetchable antenna

All-LIG sensing platform
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RF ENERGY HARVESTING
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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
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Mg ~ 100 png, Si~ 3 ug Mg ~ 300 mg, Si ~ 10 mg
Science 28, 1640 (2012) (Cover); =3 PennsState ‘ ENGINEERING SCIENCE
’ ) ¥ College of Engineering AND MECHANI
Adv. Mater. 26, 1992 (2014); Adv. Funct. Mater. 24, 645 (2014) c s



TRANSIENT IMPLANTABLE DEVICES

Cerebral cortex spatiotemporal

Bioresorbable electrode Sleep spindle activity

Control electrode

100 pV
i

Nat. Mater. 15,182 (2016)
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3D BIODEGRADABLE SENSORS

Beaker Smart Internet-of-Things
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CIRCUITS ON COMPLEX SEASHELL

Zn layer patterned on the

Materials Today 50, 24-34 (2021) (Front Cover) X ESS;%??:gineering i:g' II:I/IEEECRI-leﬁI ISCEIENCE



BODY AREA SENSOR NETWORK

On-body sensors

Wireless :
A Module (FPCB)

Direct
Printing

o
(’é 3 ! Sintered
’f?\‘ :Ag device
' oo ——

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

“ : Paper/fabric or IG SCIENCE

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




SIMPLE FABRICATION PROCESS

Reduced roughness Interfacial sintering at room temperature

Before After @y 6 6
sintering aid layer
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3D origami paper structures

% Flexible printed
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Drying with
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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) (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
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ACS Appl. Mater. Interfaces 12, 45504 (2020) "R PennState ENGINEERING SCIENCE
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FUTURE PERSPECTIVE
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SELF-POWERED STRETCHABLES

Wi
Stretchable ZnP@LIG Ty

e

Nano Energy 81, 105609 (2021)

stretchable crumpled gold-based TENG stretchable MISCAs crumpled graphene-based strain sensor
ZnP@LIG crumpled graphene
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STANDAE.ONE STRETCHAE
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Pulse sensor powered by the self-charging
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THANK YOU FOR YOUR ATTENTION!

LIG composites Body area sensor network

Physiological
signals
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