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Potential Applications for Graphene & 2D Inks

Touch Screen & Display
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Samsung Flexible AMOLED Display
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The Many Ways to Make Graphene

a) Micromechanical b) Anodic Bonding C) Photoexfoliation
cleavage

Positive Electrode

Sticky tap
Substrate
SiO; r
Negative Electrode + Heater
(— [ —
d) Liquid phase e) Carbon segregation f) Carbon segregation
exfoliation (0001) siC metal
Dispersed N /" Si-Face
graphene y dEl adi
flakes

Y Y ! 4HSIC
oS

oY

Metal substrate

\——//\,Ultnsound

g s Chemical Vapour h) Molecular beam i) Chemical synthesis

Deposition epitaxy
¢  Hydrocarbon gas — é
tr &

Substrate

Cambridge _ ) .
Graphene Platiorm HVM13-Frantz-CambridgeGraphenePlatform 4




Business Organization
Group Company Overview

: Cambridge
» Graphene Platform Ltd.
(UK Subsidiary)

~ '\j? . Factory

Graphene Platform Inc. (Incheon, Korea)

(US Subsidiary) Applications Lab

(Yokohama, Japan)
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Process Differences

Chemical Vapor Deposition
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e < *  Low Throughput
* Relatively Expensive
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Methane Gas

Metal substrate

Liquid Phase Exfoliation

d) Liquid phase
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Graphite | - "We"  «  Low-cost Preparation
« Scalable Production
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Desirable Properties of 2D Crystal Inks

Graphene Case

Graphite Nano Platelets Monolayer Graphene

 High Monolayer Yield
 Large Flake Size (>1pm)
 High Concentration of Dispersed Graphite
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2D Crystal Ink Production (Liquid Phase Exfoliaton)

Graphene Case

» No Chemical Contamination (Water-based)
P from the University of Cambridge
! » High Monolayer Flake Yield (up to 70%)
» Large Flake Size (>300nm)

0

Ultrasonication Centrifugation

graphene-ink
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Roll Coating 2D Crystal Inks
Graphene Case, PET Substrate
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Cambridge Graphene Platform Ltd.

Roll Coating Graphene Ink on PET Substrates
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Other 2D Crystal Materials

Graphene BN: Ideal substrate for graphene

* Mechanically strong yet highly flexible; * No dangling bond, increases graphene electron mobility;
* Atomically thin and highly transparent; * Small lattice mismatch of just 1.7%

* High elecrical conductivity; * Fewer charged impurities;

* High thermal conductivity; * Flexible & transparent;

o Excellent impermeability; * Can realize new devices, such as tunneling transistors;
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MoS$2: Semiconducting; alternative for transistors
* Large on/off ratio;

* High mobility;

* Flexible & transparent;

* Low power consumption;

* High seledtivity;
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Other 2D Crystal Inks via LPE
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(Insulator) (Semiconductor) (Semiconductor)

The Possibilities
> A Variety of 2D Inks
> Layering of 2D Inks
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> Fully Flexible Printed Electronics
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Other 2D Crystal Inks via LPE
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Commercialization Model
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- Ink Production, Sales & Licensing
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Innovation by Chemistry

Cambridge Graphene Centre

http://www.graphene.cam.ac.uk/ %\\
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Cambridge Graphene Platform Ltd.

Partnership With Nissha

Partnership with Nissha Printing Co., Ltd.
(Front Page of Nikkei Business Daily, September 5, 2013)
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> Graphene Ink Supply
> Joint Product Development (e.g. Curved Touch Panels)
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> Commercialization Within 2 Years
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