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Straw Poll
Vi

si
on1. Geim and Novoselov call me for advice

2. I use it 
3. I’ve read about it 
4. Is that the stuff that they make with Scotch tape?
5. Is it a new plotting app?



Learning Objectives

1. what graphene is and why everybody’s excited

2. the origin of graphene’s electrical, thermal, and optical 
properties

3. how to sift hype from reality for graphene and other wonder 
materials



Hype Train



Wonder Material Properties



Origin: Properties
Periodicity

Bandstructure

Properties
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Electronic & Lattice Bandstructure

Terrones et al. nanotoday (5) 351, 2010.

GraphiteGraphene

Sanders et al. J. Phys. Condens. Matter (25) 144201. 2013
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0.12 eV

0.2 eV

0.05 eV

Reich and Thomson. Phil. Trans. R. Soc. Lond. A (362) 2271. 2014



Counting Carriers



Number of Charge Carriers

3D 2D

Parabolic Dispersion Linear Dispersion

3D-DOS (Volumetric) 2D-Linear-DOS (Areal)



Number of Charge Carriers

3D-Parabolic 2D-Linear

Team Silicon
Bandgap= 1.1eV
Effective mass=1.08 m0

Team Graphite
Bandgap= 0 eV
Effective mass=0.043 m0

Team Graphene
Bandgap= 0 eV
Effective mass=0 m0

Dora’s Backpack
Thickness of Si and 
Graphite is 0.335 nm 

Assume Fermi-level starts at -0.2 
eV below Ec and goes to 0.75 eV Temperature= 4, 77, and 300K

\hbar=1.054e-34 J-s
K_b=1.380e-23 J/K

m_o=9.109e-31 Kg
v_f=1e6 m/s



Number of Charge Carriers

Schwierz et al. Nanoscale. (7) 8261. 2015

Good News Bad News
• Lower electron 

concentration
• High electron mobility
• High hole mobility

• Lower electron 
concentration

• High mobility 
SOMETIMES

• See above



Electrical: Is graphene good for this?

1. What mobility do I need for it to work?
2. Is it an intensive or extensive application?
3. Does graphene offer something ”else” that I can’t get otherwise?



Learning Objectives

1. what graphene is and why everybody’s excited

2. the origin of graphene’s electrical, thermal, and 
optical properties

3. how to sift hype from reality for graphene and other 
wonder materials

1. Periodicity, Bandstructure Property
2. Difference between graphene and graphite
3. Graphene Bandstructure: 2D-DOS & Linear Bands



What makes me, me?

EnvironmentGenetic, Intrinsic



Env.:Graphene & Peer Pressure
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Pop et al. MRS Bull. (37) 1273. 2012
Dean et al. Nature Nano. (5) 722, 2010
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Lattice Bandstructure: Thermal

Sanders et al. J. Phys. Condens. Matter (25) 144201. 2013

0.12 eV

0.2 eV

0.05 eV

Reich and Thomson. Phil. Trans. R. Soc. Lond. A (362) 2271. 2014



Number of Heat Carriers: Debye



Number of Heat Carriers

3D 2D

3D-Debye 2D-Debye

3D-DOS (Volumetric) 2D-DOS (Areal)

Max. Frequency Max. Frequency

Max. Wavevector Max. Wavevector



Number of Heat Carriers

3D 2D

3D-Debye 2D-Debye

3D-DOS (Volumetric) 2D-DOS (Areal)

Max. Frequency Max. Frequency

Max. Wavevector Max. Wavevector

Parameter Graphene Graphite

n0 [atoms/cm2(3)] 3.85e15 1.14e23

v1 [Km/s] 16 17

v2 [Km/s] 10 11

v3 [Km/s] 6 6



Number of Heat Carriers

Ratio 
1.65ngraphene=ngraphite

LA

TA

ZA



Thermal Properties

Pop et al. MRS Bull. (37) 1273. 2012

Jang et al. Nanoletters (10) 3909. 2010

Jang et al. Nanoletters (10) 3909. 2010



Thermal: Is graphene good for this?

1. Is the graphene touching anything?
2. Is it an intensive or extensive application?
3. No…Just No....It’s not a thermal solution.



Learning Objectives

1. what graphene is and why everybody’s excited

2. the origin of graphene’s electrical, thermal, and 
optical properties

3. how to sift hype from reality for graphene and other 
wonder materials

1. Periodicity, Bandstructure Property
2. Difference between graphene and graphite
3. Bandstructure: 2D-DOS & Linear Bands
4. Bandstructure: Debye Solid & the impact of ZA
5. Impact of surroundings on properties



Can Graphene See?
Graphene Digital Camera

Goosens et al. Arxiv 1701.03242 2017 



Optical: Controlling Transitions

INTERband

INTRAband

Graphene Dispersion

Photon Dispersion



Optical: Controlling Transitions

Tunable Resistance

Graphene Transistor
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Myth: Graphene Absorbs 2.3%
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Hu et al. APL (115) 194507. 2014

Optical Counting Transitions

”Absorbable” Light Fermi-Level & Charge



Optical: Is graphene good for this?

1. Does the wavelength match my Fermi-levels?
2. How much absorption do I really need?
3. Can another material do the same thing?



Learning Objectives

1. what graphene is and why everybody’s excited

2. the origin of graphene’s electrical, thermal, and 
optical properties

3. how to sift hype from reality for graphene and 
other wonder materials

1. Periodicity, Bandstructure Property
2. Difference between graphene and graphite
3. Bandstructure: 2D-DOS & Linear Bands
4. Bandstructure: Debye Solid & the impact of ZA
5. Impact of surroundings on properties
6. Differentiation from other materials



CVD: Hao et al. Sci. (342)  720, 2013. 

Exfoliated

Epitaxial on SiC
Articles published week of 20 DECEMBER 2010

Volume 97 Number 25

A P P L I E D
P H Y S I C S
L E T T E R S

Copper Based CVD

Epi: Pan, Howell, Ohta, et al. APL (97) 252101. 2010.

``Brands” of Graphene

Twisted Bilayer Graphene


