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Bioelectronics — Closing the Loop for Internet of Health (loH)
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Example Applications of Wearable Electronics
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Silicon vs. Skin — A Mechanical Challenge
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Serpentine Ribbons — 2D Springs

Stretchability and compliance can be achieved by serpentine
structures of ANY material.
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Epidermal Electronics (E-Tattoos)

Ultrathin, ultrasoft, noninvasive, stretchable and multifunctional
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(o]
o

(o))
o

Stress (kPa)

0

w
o

— skin: 160 kPa
—— vy: 150 kPa
x: 130 kPa
-+ FEM x
-+ FEMy

O 5 10 15 20 25 30

Strain (%)

[*2]

0
0

w

%

o

o
o

m 60 400 o
-400

2

Ieft 60 400 = ht
0
-400
20 -800

Tlme (sec) Tlme (sec)

D
o

w OO
o o
Amplitude (uV)  Amplitude (uV)

o

Amplitude (uv)  Amplitude (uV)
o) ~
o o
o O

(JL)
o

TEXAS

() nanshulu@utexas.edu

The University of Texas at Austin



Ultra-Soft & Ultra-Thin = Ultimate Conformability

Conventional
Non-Conformal
Conformable contact ensures
Skin - - - - - -
Partially conformal - Low interface impedance - higher signal to noise ratio
S« No slippage = less motion artifacts, more accurate
=ik measurement of skin deformation
Fully-Conformal E-Tattoo : :
VAV 72N Better heat or mass transfer across the skin-tattoo interface
Skin Ecoflex on skin
T t=5pm A=250pm
ho =50 pm
= 0.751 E,=E,=92kPa
% ¥y = 50 mJ/m?
e 05¢
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Jeong, Rogers* et. al., Adv. Mater. 25, 6839 (2013). Wang, Lu*, JAM 83, 041007 (2016). 8
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World’s Thinnest Materials — 2D Materials
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Jang, Lu*, et al., npj 2D Materials and Applications (invited review), in preparation (2019). 9
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Cut-and-Paste Manufacture of Graphene E-Tattoo Sensors

(a) CVD Growth (b) Gr/Cu (c) Spin coating

PMMA
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Dry patterning (f) Cutting (e) PMMA/Gr on Tattoo paper  (d) Etching Cu Wet transfer
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(g) Peeling extraneous area  (h) Printing on skin (i) Device on skin
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PMMA - Copper Skin
Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). BN Graphene Etchant Tattoo paper
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GETS Characterization
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Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017).
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Stretchabillity of Graphene/PMMA
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GETS Are Fully Conformable to the Skin

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017).
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GETS Are as Deformable as Skin
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Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017).
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Multifunctional GETS
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Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017).
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Transparent GETS for Electrooculogram (EOG)

Sour-face |

= >

E Straight-right-left eyeball movement " ] Straight-down-up eyeball movement

; 1 F - 1 3+

E A

£ 05 £ 51

1 0 Q

{oT] oo o1

£ .05 £
u (e

g -1 F.. > -05 T+

Ground F Right-Left Channel Up-Down Channel
_1.5 C 1 1 1 1 1 1 1 -1 T T N T T e
0 5 10 15 20 0 5 10 15 20 25 30 35
Time (s) Time (s)
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Ameri, Akinwande*, Lu*, et al., npj 2D Materials and Applications 2,19 (2018).
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Graphene-Based E-Tattoo for Diabetics

GP-hybrid

a) functional materials
(PEDQT, PB, PANi, Ag/AgCl)

b) doped graphene

c) serpentine Au mesh

Prof. Dae-Hyeong Kim
Seoul National Univ.
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Lee, Lu, Kim*, et al., Nat. Nanotech. 11, 566-572 (2016).
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Going Wireless — Near Field vs. Far Field Technology

&3 Bluetooth

Advantage Disadvantage Advantage Disadvantage
» Less power » Data transfer rate -« Data transfer rate e« Battery powered
consumption . 424 kpbs : 3 Mbps
» Passive mode » Operating range  * Operating range
without battery . ~10 cm :~10m

DOMINANT TERMS
IN THE REGION
— (Power density attenuation) —_—

r . distance
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“Cut-Solder-Paste” Method for Integrating ICs on E-Tattoos

-

Cutting

-y

Pasting

~ Cufoil I Thermal Release Tape [ Water Soluble Tape
B Kapton Tape Water Tegaderm

Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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Robustness of Wireless E-Tattoos
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Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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Assembly and Disassembly up to 20 times
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Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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