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bulk semiconductor
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bulk semiconductor

x̂

ŷ
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bulk semiconductor:  x-direction
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counting states
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density of states in 3D
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density of states in 2D
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density of states in 1D
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density of states in k-space
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example:  electron density in 3D
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example:  cont.
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Note:  We extend the integral to infinity 
because we can usually assume that 
the higher energy states at large k have 
E >> EF, so they are not occupied.  
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example:  cont.
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example:  cont.
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Fermi-Dirac integrals
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For an introduction to Fermi-Dirac integrals, see: “Notes on Fermi-Dirac Integrals,” 
3rd Ed., by R. Kim and M. Lundstrom) https://www.nanohub.org/resources/5475



exercises
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1)  Work out the corresponding expression for nL in 1D

2)  Work out the corresponding expression for nS in 2D

3)  Work out the average energy per electron in 1D, 2D, 3D
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1 cmk k
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U nu E f E −= =
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working in energy space

( ) 3
0

1 cmkn f E=
Ω∑

( ) 3
03

1
4 k

BZ

n f E d k
π

= ∫

xk

yk

zk

θ

φ

k


Lundstrom ECE-656 F11

( ) 2
03

0

1 4
4 kn f E k dkπ
π

∞

= ∫

(no bandstructure yet)



20

working in energy space
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energy space
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energy space: cont.
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k-space vs. energy-space

k-space:
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DOS:  k-space vs. energy-space
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(e.g. different for parabolic 
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DOS

parabolic bands
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2 2 *2E k m= 

graphene
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other moments of the Fermi function
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uni-directional thermal velocity
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υT 2 = υR

Richardson velocity



rms thermal velocity
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i)  unidirectional thermal velocity
ii) Richardson thermal velocity
iii) rms thermal velocity
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suggested practice (slide 28)
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1) Work out the moments for T = 0K.

3) Work out the moments for 1D and 2D carriers.

4) Finally, work them out for the conduction band of 
graphene to see how they depend on bandstructure.

Lundstrom ECE-656 F11

2) Work out the moments for T > 0K.
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