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Usage of Graphene in  display technology:  
“Where Graphene can really over perform, 
and where not”  
Ivica Kolaric
Ivica Kolaric
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Facts and Figures
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ARENA2036: Flexible production of the future for function-
integrated lightweight construction

■ PPP

■ Duration: 15 years

■ Research factory as integration platform

■ Sponsored by:

Highlights of Research Projects
Active Research Environment for the Next Generation of Automobiles
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Research highlights
Household robot Care-O-bot  3®
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Highlights of Research Projects
EcoTouch as an Example of Functional Surfaces

Transparent electrodes based on carbon nanotubes
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Service Range at Fraunhofer IPA



9

© Fraunhofer IPA 2013

History of Fraunhofer IPA‘s Research on Functional
Materials
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Young‘s modulus 
~ 1 100 GPa

Fracture strength 
125 GPa

Specific surface 
area 

2 630 m2/g
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GRAPHEN-APPLIKATIONEN
Quelle: K.S. Novoselov et al. Nature 490, 192-200 (2012) 
doi:10.1038/nature11458

Quelle: Andrea Ferrari , Graphen Roadmap to Applications 2013
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Source: Frost & Sullivan

For graphene research
1000 million € for 10 Years
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Overview

Graphene
family

Graphene
BN

„white
Graphen“

Silicene
BCN
BC3

Fluorographene
Graphene

oxide

2D
chalkogenides

MoS2, WS2, MoSe2,
WSe2

Semiconducting
dichalkogenides:

MoTe2, WTE2,
ZrS2, ZrSe2 etc.

Metallic dichalkogenides:
NbSe2, NbS2, TaS2, TiS2, NiSe2 etc. 

Layered semiconductors:
GaSe, GaTe, InSe, Bi2Se3 etc.

2D
oxides

Micas, 
BSCCO

MoO3, WO3
Perovskite-type:

LaNb2O7, (Ca,Sr)2Nb3O10,
Bi4Ti3O12, Ca2Ta2TIO10 etc.

Hydroxides:
Ni(OH)2,

Eu(OH)2 etc

Layered
Cu oxides

TiO2, MnO2,
V2O5, TaO3,
RuO2 etc.

Others

A K Geim and I V Grigorieva, Nature, 2013, 499, 419 (DOI:10.1038/nature12385)

stable under ambient conditions (room temperature in air)

unstable in air but that may be stable in inert atmosphere

probably stable in air
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Motivation

Building van der Waals heterostructures © NPG
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Gartner‘s Hype-Cycle
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Source: R. Nair et al., Science 320, 1308 (2008)
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Graphene monolayer 
produced at Fraunhofer IPA
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Source: Sungkyunkwan University (Korea), Bae Sukang  
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ECO TOUCH – conductive ink with CNT
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ECO TOUCH concept

• ECO TOUCH I: conductive polymer + CNT
300Ω/□ at 84% transparency, improved in 
environmental stability

• ECO TOUCH II: pure single-walled CNT
300Ω/□ at 85% transparency, improved in UV-
light resistance

Merits: 
• Flexible
• Sustainable (no rare metal, recyclable material)
• Easy and energy-saving process

coating = 50 Wh/qm

Conventional process: ECO TOUCH Process: 

Source: Fraunhofer FEP Source: Fraunhofer IPA

sputter = 890 Wh/qm

Energy-saving process
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Figure of Merit

Ratio of optical conductivity
to electrical conductivity

For a layer with 100 
Ohm/sq
and a transparency of 90%

=  35
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CNT TCF Values
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MATERIALS FOR TRANSPARENT ELECTRODES – AgNW/SWCNT hybrid films

Disclosure or dublication without consent is prohibited

AgNWs
 High conductivity
 Low temperatures
Moderatly bendable 

 Haze
 Electromigration
 Percolation Threshold

SWCNTs
 Low temperatures
 Bendable
 Stretchable

 Low conductivity 
 Ink purification
 Percolation threshold

AgNW films (before: 197 Ohm/sq @ 88% T) after dip
coating with SWCNTs 
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Quelle: S. Bae et al., Nature Nanotechnol., 2010, 5, 574. Quelle: T. Kobayashi et al., Appl. Phys. Lett., 2013, 102, 023112.
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Source: Sungkyunkwan University (Korea), Bae Sukang  
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Substitution Adsorption of Molecules

Source: J.Smet MPI

Doping of Graphene
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Graphene Transfer

Graphene

Cu substrate

Supporting

Support

Cu 
removal Transfer

Target layer

Removal of 
the support

Demands on industrial transfer 
techniques

 Up-scalable
 Reproducibility
 Economical
 Environmentally friendly
 Simple with standard machinery
 Automated



32

© Fraunhofer IPA 2013



33

© Fraunhofer IPA 2013

Quelle: Manchester Universität
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Cost (€/1m2): ~197 €
Time: ~3 h
Temperature: ~1,000 °C
Pressure: ~1 atm

Energy; 
1,20%

Hydrogen; 
2,70%

Argon; 
57,50%

Methan; 
0,01%

Copper; 
38,60%

Production Cost of 1m2 Graphene
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>90% cost saving potential 
with recycling

~8 € m² Graphene
(* @lab-scale)

>90% cost saving potential with recycling

The “Law of Experience”

The unit cost value added to a 
standard product declines by a 

constant % (typically 20-30%) each 
time cumulative output doubles.

Lowing production cost by learning curve

												 ∙

Need for an inline production method
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COPPER
ANODE

COPPER
CAT

CATHODE

Polymer
Support

Bubbles
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R2R SYNTHESIS AND TRANSFER OF CVD GRAPHENE 

Electropolishing

Synthesis -
atmospheric

Electroetching

Transfer

Deposition 
of support
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Source: TU Berlin

Source: androidpolice.com
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Source: TU Berlin

Source: androidpolice.com
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Source: TU Berlin
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Source: TU Berlin

Source: uberb2b.com
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Source: TU Berlin
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Source: TU Berlin

Sorce: goldmadesimplenews.com
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Source: TU Berlin

Source: ww.silver-coin-investor.com
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Source: Hu, Applied Physics Letters 94, (2009)
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Thank you very much for your attention

@Fraunhofer_oper @Ivica_Nano

Stuttgart NanoDays 2014 : 17/ 18 September


