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Bioelectronics – Closing the Loop for Internet of Health (IoH)

Choi, Kim*, et al., Adv. Mater. 28, 4203 (2016).
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ESi = 130 GPa, efrac = 1% ESkin = 130 kPa, eouch = 20%

Credit: Intel Credit: ICTGraphicsLab @ USC

Silicon vs. Skin – A Mechanical Challenge
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emax

0 2%

Serpentine Ribbons – 2D Springs

Stretchability and compliance can be achieved by serpentine 

structures of ANY material.

eapp = 114%

Widlund, Yang, Hsu, Lu*, IJSS 51, 4026 (2014). 
Yang, Lu*, et al, IJF 190, 99 (2014). 
Yang, Lu*, et al, EML 2, 37 (2015). 
Yang, Qiao, Lu*, JAM 84, 021004 (2016).
Liu, Ha, Lu*, JAM 86, 051010 (2019)  
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Ultrathin, ultrasoft, noninvasive, stretchable and multifunctional
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Epidermal Electronics (E-Tattoos)
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Fully-Conformal

Non-Conformal

Partially conformal

Skin

Conventional 

E-Tattoo

Skin

Skin

Jeong, Rogers* et. al., Adv. Mater. 25, 6839 (2013).

Conformable contact ensures

• Low interface impedance  higher signal to noise ratio

• No slippage  less motion artifacts, more accurate 

measurement of skin deformation

• Better heat or mass transfer across the skin-tattoo interface

𝝀 = 𝟐𝟓𝟎 𝛍𝐦
𝒉𝟎 = 𝟓𝟎 𝛍𝐦
ഥ𝑬𝒔 = ഥ𝑬𝒎= 𝟗𝟐 𝐤𝐏𝐚
𝜸 = 𝟓𝟎𝐦𝐉/𝐦𝟐

C
o

n
fo

rm
a
b

il
it

y

𝒕 = 𝟓 𝛍𝐦

𝒕 = 𝟑𝟔 𝛍𝐦
𝒕 = 𝟏𝟎𝟎 𝛍𝐦

𝜼

𝒕 (𝛍𝐦)

Wang, Lu*, JAM 83, 041007 (2016).

Ecoflex on skin

Ultra-Soft & Ultra-Thin  Ultimate Conformability 



nanshulu@utexas.edu

9

Electronically functional

Atomically thin (nm)

Optically transparent

Mechanically robust (cuttable)

Chemically inert

Potentially low cost

World’s Thinnest Materials – 2D Materials 

Jang, Lu*, et al., npj 2D Materials and Applications (invited review), in preparation (2019).
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Wet transferDry patterning

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). 

Prof. Deji Akinwande 

UT-Austin ECE

Cut-and-Paste Manufacture of Graphene E-Tattoo Sensors 

(GETS) 

Dr. Shideh K. Ameri

UT-Austin ECE

(Queen’s University, Canada)

ECCS-1541684
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GETS Characterization

GETS

Serpentine

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). 
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Stretchability of Graphene/PMMA
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Jang, Lu*, et al., 2D Materials, accepted (2019). 
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500-nm thick

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). 

GETS Are Fully Conformable to the Skin
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GETS Are as Deformable as Skin

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). 
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Multifunctional GETS

Ameri, Akinwande*, Lu*, et al., ACS Nano 11, 7634 (2017). 
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Right (-)
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Transparent GETS for Electrooculogram (EOG)

Ameri, Akinwande*, Lu*, et al., npj 2D Materials and Applications 2, 19 (2018). 
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Imperceptible Human Robot Interface (HRI) by GETS

Ameri, Akinwande*, Lu*, et al., npj 2D Materials and Applications 2, 19 (2018). 
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Graphene-Based E-Tattoo for Diabetics
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Going Wireless – Near Field vs. Far Field Technology

Near Field (Induction) Far Field (Radiation)

Advantage Disadvantage Advantage Disadvantage

• Less power 

consumption

• Passive mode 

without battery

• Data transfer rate

: 424 kpbs

• Operating range 

: ~10 cm

• Data transfer rate

: 3 Mbps

• Operating range 

: ~10 m

• Battery powered

DOMINANT TERMS
IN THE REGION

(Power density attenuation)

𝒓 : distance

1

𝑟6
1

𝑟2
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“Cut-Solder-Paste” Method for Integrating ICs on E-Tattoos 

Cu foil Thermal Release Tape Water Soluble Tape

Kapton Tape Water Tegaderm
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Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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Robustness of Wireless E-Tattoos

Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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Assembly and Disassembly up to 20 times

A B C D

Peeling off Peeled off Laminating Laminated
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Jeong, Lu*, et al., Adv. Mater. Tech. 1900117 (2019).
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