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Wearable Health Monitoring Devices
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Wearable Device Market

Global Market for Wearable Health and Fitness

Monitoring Devices
(Source: BCC research report, 2015)
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Applications of Skin-Mounted Sensors

1. Mobile Health




Challenges for Heart Rate Monitors
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Pulse oximetry: used in ECG: gold standard for
all smartwatches heart rate measurement
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When Bio Meets Electronics
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Skin vs. Silicon

Eqin = 130 x 108 Pa Eq =130 x 10° Pa
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Flexible Electronics
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Stretchable Electronics

Stretchable Transistors Conformal LED Tunable Electronic
On pencil tip

Science 321, 1468 (2008). Nature Materials 9, 929 (2010). PNAS 108, 1788 (2010).

Epidermal Electronics Balloon Catheter Heart “Sock”
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Science 333, 838 (2011). Nature Materials 10, 316 (2011). Nature Comm. 5, 3329 (2014).



Strategies for Stretchable Electronics
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Stretchable Structure - Serpentine

Experiment Numerical Simulation
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Microfabrication of Stretchable Electronics

Doped Si nanomembrane
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Compliance of Filamentary Serpentines
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Stretchabillity & Cycleability
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Multi-Functionality

antenna LED strain gauge temp. sensor = (0.5mm
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Kim*, Lu*, Ma* (*equal contribution), Rogers, et al., Science 333, 838, (2011).
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Amplifie - Solar Cell
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Mounting and Removal of Epidermal
Electronics
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Epidermal Electronics on A Skin Replica

Yeo, Rogers, et al, Advanced Materials 25, 2773-2778 (2013).




Why Is Conformabllity Important?

Conventional
Non-Conformal (NC)
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Recent Development in Epidermal

Elecironics

Kim*, Lu*, Ma* (*equal contribution), Rogers, et al., Science 333, 838, (2011).
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Microfabrication of Stretchable Electronics

Doped Si nanomembrane

PDMS Stamp C
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Cost and Time Effective “Cut-and-Paste”

Method

Yang, et al, Adv. Mater. DOI: 10.1002/adma.201502386 (2015).

A. APT_Cutting Mat b. Cutting C. Peeling from

f. ESS d. Removal
éé:biggifkk
*S??%‘gﬁ
- Au_PET | Deactivated TRT
Thermal Release Tape (TRT) Target Substrate

Cutting Mat

Subtractive, dry, desktop, portable, green & roll-to-roll compatible
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Multiparametric Epidermal Sensor System

Planar FS coil EP sensor
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Disposable Epidermal Sensor System (ESS)

Yang, et al, Adv. Mater. DOI: 10.1002/adma.201502386 (2015).
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Ditferent Types of Substrates

Yang, et al, Adv. Mater. DOI: 10.1002/adma.201502386 (2015).
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Multifunctional Epidermal Sensor System (ESS)
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Synchronous Multimodal Measurements
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Chen et al, to be submitted (2016).
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Exp. 1 - EMG Sensor on Muscles




Quantification of Muscle Fatigue
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Exp. 2 - Soft Strain Gauges Measuring Skin

Deformation
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Exp. 3 - Skin Mounted Heater

Perioperative Warming

Thermal joint therapy

g

5 min/40 °C 60 min/40°C
Son et al, Nature Nanotechnology 9, 397404 (2014).
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Epidermal Programmable Heater
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Exp. 4 - Electrotactile Stimulator
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Long-term ECG

Conventional ZioPatch V-Patch VitalPatch
Holter Monitor

Stretch Med Guardian Patch 34



The Ultimate Goal — One Patch Solution for

Telemedicine
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“"Global markets for telemedicine technologies”, BCC Research 20136
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Application of
Stretchable Electronics



Epidermal Electronics
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Charge-Trap Floating-Gate Memory and

Loqgic Devices
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= RA
" - _=d_|_ -
\ 7/
g o NOR NAND
o VA
BES i %.&.&
(AL 1T
Ty e . —
\ A X - -
2 IE %5
‘ A 3 e o TR Semiconducting
p - 1 W ' . 7% CTFM ISWNT
\ Stretching TS -~y
e \ IS \ Capacitors
’ . ' \
N9 ik NAND gates
w1 NOR gates
x
1 * Inverters Tunneling
:‘ oxide
¥ (A1,04-Si0;)

Charge-trap flash memory
10 x 15 array (CTFM)

« Single-walled carbon nanotube (s-SWNT)-based devices
« Consists of units, capacitors, and logic circuits

Son, D., et al., ACS Nano, 9, 5585 (2015)
Prof. Dae-Hyeong Kim at Seoul National U, Korea 40



Near-Field Communication (NFC)

a b
NFC chi
s Cu bridge
Cu bridge v
Top Pl — 5: Top Pl ——— &%
Middle PI Middle PI Cu coil
Cu coil Bottom Pl

Bottom Pl

i. The device on the skin ii. The device under compression lii. The device under compression with
the cell phone showing text readout

Kim, J., et al.,, Small, 11, 206 (2015)
Prof. Roger at UIUC 4]



Skin Prosthesis

Humidity Interconnection —»
sensor array l Strain, press.,temp.
e sensor array

Heater

PDMS
encapsulation

Kim, J., et al., Nature Communication, 5, 5747, doi:10.1038/ncommsé747, (2014)
Prof. Dae-Hyeong Kim at Seoul National U, Korea 42



Skin Prosthesis
v

High deform, £ §

Kim, J., et al., Nature Communication, 5, 5747, doi:10.1038/ncommsé747, (2014)
Prof. Dae-Hyeong Kim at Seoul National U, Korea 43



Stretchable and Transparent Heater
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« Stretching up to 60%
» Device thickness less than 500 um

Hong, S., et al., Advanced Materials, 27, 4744 (2015)
Prof. Seung Hwan Ko at Seoul National U, Korea 44



Transcutaneous Monitoring
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Jang, K., et al., Nature Communication, 5, 4779, doi:10.1038/ncomms5779, (2014)
Prof. Roger at UIUC 45



ESS for Drug Delivery
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Skin-conformable  meamory

Hydrocolloid skin patch

Son, J., et al., Nature Nanotechnology, 9, 397 (2014)
Prof. Dae-Hyeong Kim at Seoul National U, Korea 46



Triboelectric Nanogenerator
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Prof. Jeong Min Baik at UNIST, Korea 47




Stretchable Electroluminescent Device
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Wang, J., et al., Advanced Materials, 27, 2876 (2015)
Prof. Pooi See Lee at Nanyang Technological U, Singapore 48



Fabrication of
Stretchable Electronics



Gold Nanobelts with Sinusoidal

Structures (Change to Rogers
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3
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= =
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& photoresist removal etching silicon
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s 4
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- PDMS coating Cu film removal
~ & put on the substrate

Qi, D., et al., Advanced Materials, 27, 3145 (2015)
Prof. Zhe Yu at Nanyang Technological U, Singapore 50



Kingami-Inspired Engineering
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Shyum T. C., et al., Nature Materials, 14, 785 (2015)
Prof. Shtein at U Michigan 51



Mesh-Like Engineering

« Fatigue-free, superstretchable, transparent, and biocompatible
metal electrodes

Guo C. F., et al., Proceeding of National Academy of Science, 112, 12332 (2015)
Prof. Ching-Wu Chua at U Houston 52



Printable Electronics
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Bandodkar, A., et al., Advanced Materials, 27, 3060 (2015)
Prof. Wang at UCSD 53



Printfable Silver Nanowires
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« Stretching up to 50%, 500 cycle at 20% without significant loss in
electrical property

Liang, J., et al., Nature Communication, é, 7647, doi: 10.1038/ncomms8647, (2015)
Prof. Pei at UCLA 54



Wet Spinning Method

Step 1. Wet spinning method Step 2. Ag precursor absorption and reduction
AgNW-mixed Spool Ag precursor :
SBS solution i solution Hydrazine
/ (% f Absorption

# | —
Coagulation bath |

« Stretching up to 220%
« Only biaxial stretch

Stretching

Lee, L., et al., Advanced Functional Materials, 25, 3114 (2015)
Prof. Taeyoon Lee at Yonsei U, Korea 55



NTS () based Conductive Yarn

Textile product S |

Twisted/wrapped yarns (um-mm)

« Stretchable Carbon Nanotube Texile
« Highly stretchable (up to 1320%)

Liu, Z. F., et al., Science 349, 400 (2015)
Ghosh, T., Science 349, 382 (2015)

Prof. Baughman at UT Dallas 56



