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PotenRal	
  ApplicaRons	
  for	
  Graphene	
  &	
  2D	
  Inks	
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Touch Screen & Display� RFID & Sensors �

E-Paper � Photovoltaics �
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Samsung	
  Flexible	
  AMOLED	
  Display	
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The	
  Many	
  Ways	
  to	
  Make	
  Graphene	
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Business	
  OrganizaRon	
  
Group	
  Company	
  Overview	
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CVD Graphene Material�2D	
  Inks	
  Deposition/Analysis Systems �

Applications Lab�
(Yokohama, Japan) �

Factory�
(Incheon, Korea) �Graphene Platform Inc.�

(US Subsidiary)	


Cambridge �
Graphene Platform Ltd.�
(UK Subsidiary)	


Graphene Platform Corp. (HQ)	
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Process	
  Differences	
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Liquid	
  Phase	
  ExfoliaRon	
  

Chemical	
  Vapor	
  DeposiRon	
  

Graphite	
  

Methane	
  Gas	
  

Copper	
  Foil	
  
•  Excellent Quality�
•  Suitable for R&D�
•  Low Throughput �
•  Relatively Expensive �

•  Chemically Pristine �
•  Low-cost Preparation�
•  Scalable Production�
•  No Post-processing�
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Desirable	
  ProperRes	
  of	
  2D	
  Crystal	
  Inks	
  
Graphene	
  Case	
  

•  High Monolayer Yield�
•  Large Flake Size (>1µm) �
•  High Concentration of Dispersed Graphite �

HVM13-Frantz-CambridgeGraphenePlatform!

Graphite	
   Monolayer	
  Graphene	
  Nano	
  Platelets	
  



8!

2D	
  Crystal	
  Ink	
  ProducRon	
  (Liquid	
  Phase	
  Exfoliaton)	
  
Graphene	
  Case	
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Graphite Ultrasonication Centrifugation

IP	
  from	
  the	
  University	
  of	
  Cambridge	

Ø 　No	
  Chemical	
  ContaminaRon	
  (Water-­‐based)	
  

Ø 　High	
  Monolayer	
  Flake	
  Yield	
  (up	
  to	
  70%)	
  

Ø 　Large	
  Flake	
  Size	
  (>300nm)	


Equipment for LPE: Ultrasonicator & Centrifuge 
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Roll	
  CoaRng	
  2D	
  Crystal	
  Inks	
  
Graphene	
  Case,	
  PET	
  Substrate	
  

HVM13-Frantz-CambridgeGraphenePlatform!

•  Electrical & Optical Homogeneity�
•  Max Process Temp ~80°C �
•  Roll-to-Roll Processing �
•  Width Limited Only by Bar Size �



10!

Cambridge	
  Graphene	
  PlaForm	
  Ltd.	
  
Roll	
  CoaRng	
  Graphene	
  Ink	
  on	
  PET	
  Substrates	
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 Coating
 PET
 TC with PET

Transparency�
�

Coating Only: > 90%�
Coating +PET: > 80% �

Conductivity�
�

RS ~500 Ω/⃞�
σ < 5%�
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Other	
  2D	
  Crystal	
  Materials	
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Graphene �
• Mechanically strong yet highly flexible;�
• Atomically thin and highly transparent;�
• High electrical conductivity;�
• High thermal conductivity;�
• Excellent impermeability;�

BN: Ideal substrate for graphene �
• No dangling bond, increases graphene electron mobility;�
• Small lattice mismatch of just 1.7%�
• Fewer charged impurities;�
• Flexible & transparent;�
• Can realize new devices, such as tunneling transistors;�

MoS2: Semiconducting; alternative for transistors �
• Large on/off ratio;�
• High mobility;�
• Flexible & transparent;�
• Low power consumption;�
• High selectivity;�
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Other	
  2D	
  Crystal	
  Inks	
  via	
  LPE	
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The Possibilities 
Ø  A Variety of 2D Inks 

Ø  Layering of 2D Inks　 

Ø  Fully Flexible Printed Electronics 

(Insulator)	
 (Semiconductor)	
 (Semiconductor)	
 (Conductor)	
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Other	
  2D	
  Crystal	
  Inks	
  via	
  LPE	
  
MoS2	
  Case	
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Photoluminescence in MoS2 achieved via 
an indirect to direct bandgap transition�
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CommercializaRon	
  Model	
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IP	


Cambridge Graphene Centre	


・　Dedicated Ink Development 
・　Consulting Services 
・　Ink Production, Sales & Licensing　　　	


University	
  of	
  Cambridge	
  

http://www.graphene.cam.ac.uk/	


Design-in	
 Device Makers	


Cambridge	
  
Graphene	
  PlaForm	
  Ltd.	
  



15!

Cambridge	
  Graphene	
  PlaForm	
  Ltd.	
  
Partnership	
  With	
  Nissha	
  

HVM13-Frantz-CambridgeGraphenePlatform!

Ø  Graphene Ink Supply 

Ø  Joint Product Development (e.g. Curved Touch Panels) 

Ø  Commercialization Within 2 Years 

Partnership with Nissha Printing Co., Ltd. 
(Front Page of Nikkei Business Daily, September 5, 2013)	



