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Graphene

from “Rise of Graphene”

Conductivity 1.0 pQcm
Mobility ~ 200,000 cm?/Vs
Thermal conductivity 5300 W/mK

Mechanical property

Young’s modulus: 1 Tpa

Tensile strength: 20 Gpa .

Flexibility Failure strain > 20% .
Transparency 97 % @ 1 layer *
High surface 2,630 m?/g *

Thinnest material

Mechanical strength: 5 times steel
Thermal conductor: 2 times diamond
Resistivity: Half of Copper

Mobility : 100 times Silicon’s

Current density : 100 times Copper
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Application

Transistor Application
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Market Size (BCC Research Report 2011 and IT SOC magazine 2009)
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Silicon Transistor Graphene Transistor

KU veversre



Turning off the device, ...

Silicon Transistor Graphene Transistor




How Badly Turned off?
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1st Approach: Bandgap of Graphene
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2"d Application: RF Transistor

2011

2011 GrapheneSilybrid
2010 | EIRTMoRE |




Graphene Tr. in the Industry’s Viewpoint

« s it satisfactory? = No!

 However, maybe, possibly, it could take one part of Si circuit...

Review
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Summary of Graphene Transistors
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RF Transistor without Bandgap
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Question!!!

HOW TO

TURN OFF THE DEVICE

W/0 BANDGAP?




Graphene, Again!
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New approach to turn off!!!

* Key Ildea: Density Control = Barrier Control

" 0.35 eV
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Fermi-level Pinning
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Fabrication

* Considering Band alignment - Si

Material Search
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Current Flow.
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I-V Characteristic

Output Characteristics | Principle
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Application: Barristor Logic

Output Characteristics
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Barristor or Tunneling Transistor

Top electrode
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MoS,
Graphene

Electrode

Samsung Manchester University UCLA Manchester University

Graphene-Si Graphene-hBN Graphene-MoS, Graphene-WS,

Science 2012 Science 2012 Nature Mat. 2013 Nature Nano. 2012




Current Mechanisms

e Thermionic Emission Current
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Thermionic Emission

Current

* Current through Graphene-Semiconductor Junction:

Graphene-Si (Graphene-MoS,)

* On/Off ratio limited by Workfunction Modulation

Current (pnA)

@}
Yang et. al Science (2012)
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Tunneling Current

* Current through Graphene-Insulator Junction

* Depends mostly on density of states:
therefore has the same problem with transistor

* Low Voltage Operation
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Tunneling + Thermionic Current

* Current through Graphene-Insulator Junction
* Determined by more complex way.
* High Voltage Operation. However, ...
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Where are we?

Barristor and Vertical Tunneling Transistor
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What is Graphene?

Work-Function (eV)
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