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electrons in solids 
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4 (AúBandstructure LabAû at www.nanoHUB.org)  

silicon 

energy bands 

For any wavevector, k, there is an infinite set of eigenenergies, 
 
En


k( )

AúbandstructureAû 



5 

model bandstructure 
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http://www.szfki.hu/~kamaras/nanoseminar/Reich_Stephanie-85-100.pdf	



bandstructure of graphene 

(CNTBands on www.nanoHUB.org) 
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E(k) for these lectures 
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E(k) for graphene 
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Also recall: 

For graphene: 
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effective mass for graphene 

µ =
qτ
m*

For graphene: 

Mobility: 

As long as we have an E(k), we have everything we need.  
There is no need to ask what the effective mass is (but it 
sometimes can be useful to think in terms of an effective 
mass). 

µ = ?
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electronic structure of graphene 

For a more thorough, but introductory treatment of 
bandstructure, see the nanoHUB lectures of Prof. Supriyo 
Datta: 
 
ECE 495N: Fundamentals of Nanoelectronics 
Lecture 18-21: Bandstructure – I, II, III, and graphene 
 
http://nanohub.org/courses/fundamentals_of_nanoelectronics 
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3)  Summary 
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two-dimensional electrons 
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Semi-infinite in the x-y plane, but very thin in the z-direction. 
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ψ z = 0( ) =ψ z = t( ) = 0

kzt = jπ kz =
j!
t

2D electrons:  subbands 
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subbands 
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one-dimensional electrons 

  öx

  öy
  ẑ

semi-infinite in along the x-direction, but very small in the y- 
and z-directions. 
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one-dimensional electrons 

  öx

  öy
  ẑ

 
!

!r( ) ~ ei
!
k i

!r " sin kyy( )sin kzz( ) # eikx x
(long) normalization length 

! z = 0( ) = ! z = tz( ) = 0

kyty = mπ ky =
mπ
ty

 
! m,n =

! 2m2" 2

2m*ty
2 +

! 2n2" 2

2m*tz
2

! y = 0( ) = ! y = ty( ) = 0
kztz = nπ kz =

nπ
tz



17 

subbands 

 
εm,n =

22π 2

2m*

m2

ty
2 +

n2

tz
2

⎛

⎝⎜
⎞

⎠⎟

E kx( )

kx

! 1,2

! 1,1

 

2kx
2

2m*

 
E = ! m,n +

! 2kx
2

2m*

! 2,1

Lundstrom ECE-656 F09 



Lundstrom ECE-656 F09 18 

outline 

1)  Bandstructure in bulk semiconductors 

2)  Quantum confinement 
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summary 

E = EC + E k( )

bottom of band or subband 
AþdispersionAÿ 

k in unconfined direction 
1D, 2D, 3D 
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questions 

1)  Bandstructure in bulk semiconductors 

2)  Quantum confinement 
 
3)  Summary 


