
9. Applications of 2D Materials

Two-dimensional materials and applications
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Electronic Applications: Sigle Devices



Computing Function Arrays and In-memory Computing
Single logic transistor with 
switchable functions

Pixel processing array circuit based 
on the single logic transistor

Image processing pixel array 
with switchable functions

MoS2-based 1-bit microprocessor MoS2-based analogue circuits chip

Logic-in-memory chip based on 2D 
floating-gate memory transistors



Flexible Applications

S. K. Lee et al. Nano Lett. (2012)

All graphene TFTs on flexible substrates



B. Wicklein et al. Nature Nano. (2014)

Graphene Composite



J. B. Park et al. arXiv (2014)

Bio Applications



S. H. Lee et al. Nature Commun. (2012)

Quaternary digital modulations

Other Applications



Y. Han et al. Carbon (2017)

H. S. Jung et al. RSC Advances (2014)

S. Huang et al. IEEE (2013)

Graphene oxide drug delivery Graphene heat spreader

Transparent graphene/metal mesh EM wave shielding

Other Applications



Impermeable Graphene Barrier
Direct penetration of H atom through graphene

Pristine Punctuated 5-7 rings

M. Miao et al. PCCP (2013)

Graphene H2 barrier

T-H. Nam et al. Int. J. Hydrog. Energy (2014 )

Graphene corrosion barrier

D. Prasai et al. ACS Nano (2012 )



Impermeable Graphene Barrier
Protection of artwork by graphene

M. Kotsidi et al. Nat. Nanotechnol (2021)



Porous graphene as desalination

D. Cohen-Tanugi et al. Nano Lett. (2012)

1L graphene & hBN as proton filter

S. Hu et al. Nature (2014)manchester.ac.uk

Desalination by interlayer gap between rGO

Reusable graphene biofilter 
(destroying bacteria by heating)

M.G. Stanford et al. ACS Nano (2019)

H-H Huang et al. J Membrane Sci (2019)

Graphene Filters

hBN
gra
MoS2



Y. D. Kim et al. Nature Nanotech. (2015)

VSD

Graphene Light Emitter 
Visible light emission from suspended graphene

Peak position modulation by trench depth



Y. D. Kim et al. Nano Letters. 10, 676 (2018)

Encapsulation by hBN: Passivation & Cooling

Generation of ultrafast light pulses

Graphene Light Emitter 



Cho, C. et al. Nat. Electron. (2021)

Flexible 2D-metal Interlayer Electrode



Graphene-capped Cu Interconnects

M. Son et al. npj 2D Mater. Appl. (2021)



Graphene Products



3D printed graphene-based OLED (Graphene 3D lab)

Graphene Products

Origami-inspired GO sheets 
(stimulated by light and heat)

https://youtu.be/zIbmU0kpXEc
https://youtu.be/c05wfOjDwikhttps://www.youtube.com/watch?v=zvMqLayQXv4

Graphene based fire resistant

firstgraphene.net arcadiawatches.com

Graphene coating for watch



3D printed graphene-based OLED (Graphene 3D lab)

Graphene Products

Origami-inspired GO sheets 
(stimulated by light and heat)

https://youtu.be/zIbmU0kpXEc
https://youtu.be/c05wfOjDwikhttps://www.youtube.com/watch?v=zvMqLayQXv4

Graphene-Cu foil for SSD cooling 

firstgraphene.net arcadiawatches.com

Graphene coating for watch



Graphene in Transport

First flight of graphene-skinned aircraft
newatlas.com (2018.08)

The world's first graphene car is unveiled in Manchester
bbc.com (2016.07)

대형 트럭 및 버스용 그래핀(Graphene) 엔진오일 첨가제 출시
hellaasiaagent.co.kr

Talga launches commercial-scale trial of graphene 
coating on ocean-going cargo vessel

graphene-info.com (2019.11)



Graphene Products in Electronics

Graphene-Cu foil for SSD cooling 

Graphene-augmented wireless earphone

www.teamgroupinc.com

zoloaudio.com

Graphene film for smartphone cooling 

www.teamgroupinc.com

Graphene-based flexible touch panel

boe.com



?

?

Graphene Products in Korea

Musinsa store
store.musinsa.com (searched in 2020. 03)

phany.kr (searched in 2020.03)



Supplier Gr-related companies



Future of 2D Materials

USA National Science Foundation: $10,000,000 (103억원) for 2D heterostructure 

EU: graphene flagship €1,000,000,000 (1조3천억원) for graphene and other 2D materials

China: 80% of graphene patent in 2012-2013

“It's a bit silly for society to throw a little bit of money at something and
expect it to change the world. Everything takes time.”

Andre Geim, August, 2013
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