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Personalized smart healthcare technology
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Sensor-integrated mobile and wearable systems which can
monitor physiological and clinical parameters at point-of-
care or home are promising for personalized smart

healthcare technology.



Mobile and wearable POCT (point-care=testing)
systems for personalized healthcare

Standalone IOT Smartphone-integrated
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Mobile point-of-care testing (mPOCT)

systems

Portable PoCTs : limits in connectivity and personalization

I ACCU-CHEK®
Performa

o —_—
ISTAT Blood analyzer Accu-Check Coagucheck Stratus troponin
Abbott Labs Alere Roche Roche analyzer
Siemens

mMPOCTSs : advantage in connectivity (spatiotemporal mapping, epidemic demography,
preventive healthcare) but limit of low accuracy and no standardization

Heart monitor(ECG)
Alivecor

Glucometer LFA reader SAW biosensor
iHealth CELLMIC OJbio



Fluorescence imaging-based high accuracy

biosensing for mPOCT

ELISA is a gold standard in immunoassays

PMT s
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CMOS Image Sensor (CIS)

Rough exposure time control /
low SNR
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Issue ; Low Accuracy
Smartphone



Smartphone-based “seesawed” fluorescence

imaging for high accuracy apta-assay
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Smartphone-based “seesawed” fluorescence

imaging for high accuracy apta-assay
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Smartphone-based fluorescence imaging of

pathogenic bacteria for on-the-spot detection

Sample volume: 100 pL
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10 CFU/mL (single bacterial cell in 100 puL) detectable

But, typical target concentration in blood
(sepsis) and food safety: 1~10 CFU/mL

S. Shrivastava et al., Biosensors and Bioelectronics, 95 (2018) 8



Fluorescence imaging-based |10T-enabled

on-the-spot POCT system

Imag
Fluorescence imaging Microscope e

based biosensing
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Skin-attachable sensor patches for

wearable electronics

Accessary : non-invasive but limit in unobtrusive monitoring

Patch: non-invasive and unobtrusive monitoring,
high SNR due to conformal contact with skin

S-PATCH

~

S-patch
Samsung

Biostamp
MC10
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What can be measured by

skin-attachable sensor patches?

Parameters

+ ECG, EMG,
EEG
« Skintemp.
+ Skin elasticity
+ Skinstrain
* Pulserate
+ Blood pressure
Blood oximetry

Biopotential electrode

e

* NO/NH3/VOCs

* Moisture

T.Q. Trung and N.-E. Lee,
Adv. Mater. 29 (2017), 1521,
J. Mater. Chem. C, 5 (2017), 2202

li"
Pressure sensor ! .

Humidity sensor

Biosensor
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Engineering of skin-attachable

sesnor patches

SISO Sensing materials, electrodes, electrochemical
materials electrodes, dry biopotential electrodes

Devices

Stretchable sensors, energy harvesters,
energy storage devices

Packaging Substrate, dry adhesives, interconnect,
encapsulation

Stretchable materials &
devices

ensor-integrate
systems

- Signal acquisition, power

Stretchable interconnect

Substrate C s 1r
Encapsulation _IrCLU |

(Gt

S management , data handling

emical senso

s/W Applications, big data, Al

New applications,

Clinica . : i
Cliniczll clinical evaluation, services

Dry adhesive Selective membrane
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Stretchable physical sensors

for skin-attachable patches
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Approaches for stretchability

direction
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Approach 1: Intrinsically stretchable

elastomeric nanoecomposites

Nanomaterials A \
Mgr s, s ;; Transparent
—

Thin films
Sheets
Nanofibers
Microfibers

Oyl ep SO + Elastomer
e s

piezoelectric
pyroelectric
piezoresitive
chemresistive
thermoresistive
photoresponsive
electroactive
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Stretchable, transparent and ultrasensitive

strain sensor for emotion detection

PU-PEDOT:PSS(top)

PU-PEDOT:PSS(bottom)
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Stretchable, transparent and ultrasensitive

strain sensor for emotion detection

(a) forehead

(b) near

the mouth
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Stretchable, transparent, ultrasensitive,

self-powered strain sensor for activity monitoring
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Stretchable, transparent, ultrasensitive,

self-powered strain sensor for activity monitoring

Electrical performance of integrated devices
during stretching as 10% of strain
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self-powered strain sensor for act
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All-elastomeric transparent and stretchable

multi-sensors for activity monitering

AgNWs/PEDOT:PSS-PU
resistor

érature sens

o ' Reduced graphene oxide-PU channel,
PU gate dielectric and
PEDOT:PSS-PU electrode

Trung et al., Adv. Mater., 28(2016) 502 21



All-elastomeric transparent and stretchable

multi-sensors for activity monitering

Monitoring thermal distribution by FET temperature sensor array
Hot object
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All-elastomeric transparent and stretchable

multi-sensors for activity monitering

Simultaneous monitoring skin temperature and muscle movement during drinking hot water
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All-elastomeric transparent and stretchable

multi-sensors for activity monitering

Simultaneous monitoring skin temperature and muscle movement during workout
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Approach 2: Mogul-patterned elastomeric

substrate for stress-relieving

A versatile substrate for stretchable electronics

2 (ogul pattern fabrication [double photolithography] \

Photolithography 1 '“

w-o@o

1
Photolithography 2 d":;xty

\

@ (\/l

aster mold fabrication and replication |snﬁ. ]11.hogmphy|

e e o>~

. )f f}j‘ﬂjv;“ 5 = 50pim
Ja@? v 1*5“4

H.B. Lee et al., Adv. Mater., 28 (2016) 3086 -



Approach 2: Mogul-patterned elastomeric

substrate for stress-relieving

Computer simulation for deformation, strain, and stress
Deformation 0 3.65

Strain (g)
; 10-5

- Omniaxially stretchable and stress of the layers are readily relived.

- Conventional processing (CVD, PVD, ALD, spin coating, spray coating,
printing etc) can be used to form the layers directly on the substrate

- Multi-layer stacking is possible by forming layers directly on the 3D micro-
pattern
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Omniaxially stretchable R-GO gas sensor.on

mogul-patterned elastomeric-substrate

. Active
Layer(R-GO)
o .rg’yiﬁw‘,‘,f*f

Stability of Au electrode (70nm)

After 1,000
cycles of
stretching in x-
and y-
directions at
50% strain

Valley
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Omniaxially stretchable R-GO gas sensor.on

mogul-patterned elastomeric-substrate

Electrical stability of Au electrode
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Omniaxially stretchable piezoresistive

pressure sensor on mogul-patterned substrate

Device Structure Pressure responsivity
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Omniaxially stretchable piezoresistive

pressure sensor on mogul-patterned substrate

Demonstration : Tremor detection

v Skin area v’ Vibration detection using v FFT (fast Fourier transform)
the device
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Omniaxially stretchable piezoresistive pressure

sensor on mogul-patterned substrate

Skin elasticity evaluation Relative skin elasticity

Cutometer Ballistometer
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Omniaxially stretchable self-powered

piezoelectric sensor

Output during stretching Output power at 40% stretching
! 6 layers _ o

S ol 1.6 |
S ol 3 layers Low stretchability 500
? g = “r
s °[ BTPU Poor stability of electrode | 2 .|
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= ~r H o T
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Time (sec) E ”

Piezoelectric Layer

3D micro-patterned

Substrate _ U Stacked piezoelectric
Graphite electrodes nanofibers

Stretchable self-powered

sensor
Stacked mat of BT NPs-PU nanocomposite and P(VDF-TrFE) nanofibers on stress-

relieving mogul-patterned elastomeric substrate
S. Siddiqui et al., Adv. Energy. Mater. 8 (2018) 1701520



Omniaxially stretchable self-powered

piezoelectric sensor
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Disposable stretchable biosensor patches

for WPOCT

biosensors
Electrochemical and
optical immunosensors

mEma
»e "uy

e

*

Wound fluid
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Disposable stretchable label-free electrochemical

immunosensor for wound monitoring
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Perspectives

» Efforts toward the improvement of stability and reliability of
the sensing nano-materials are required for real applications.

» Sensor-integrated systems need to be developed by
considering the specific needs and service scenario.

= Collaborative research is essential for success.
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