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2D “bulk” semiconductor 
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2D bulk semiconductor: single subband 
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1D “bulk” semiconductor 
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sum over subbands  
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1D bulk semiconductor: single subband 

x̂

ŷẑ
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Density-of-states in k-space 
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Example 1:  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. 

    
n =

1
Ω

f0
k
∑ Ek( )→ NCF 1/ 2 ηF( ) cm−3

( )F F C BE E k Tη = −

   
F 1/ 2 ηF( ) ≡ 2

π
η1/ 2dη

1+ eη−ηF
0

∞

∫

   
NC = 1

4
2m*kBT
π2

⎛

⎝⎜
⎞

⎠⎟

3/2

   
ηF << 0 EF << EC F 1/ 2 ηF( )→ eηF n = NCeηF cm−3

(non-degenerate semiconductor) 
Lundstrom ECE-656 F17 

Fη

   
log F 1/2 ηF( )⎡⎣ ⎤⎦

Feη

( )1/2 FηF



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 
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Parabolic bands:  1D, 2D, and 3D 
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Energy space (3D) 
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k-space vs. energy-space 
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Moments of the Fermi function 
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In equilibrium, physical quantities are 
various moments of the Fermi function. 
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Other moments 
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Uni-directional thermal velocity 
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υT 2 = υR

“Richardson velocity” 



About  thermal velocities 
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i)  unidirectional thermal velocity 
ii) Richardson thermal velocity 
iii) rms thermal velocity 
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An alternative way to define the DOS 
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Proof (1D) 

nL =
1
L

f0 Ek( )
k
∑

in k-space, we know: 

nL = f0 E( )D1D (E)dE∫

nL =
1
L k
∑ f0 E( )δ E − Ek( )dE∫

nL =
1
L

f0 Ek( )
k
∑

can also work in energy-space: 

nL = f0 E( ) 1
L

δ E − Ek( )
k
∑ dE∫



E1 E1 + dE

Ek1

Lundstrom ECE-656 F09  
27 

Interpretation 
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Example: 2D DOS for parabolic energy bands 
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Summary 
1)  Be familiar with how to work out 

sums in k-space and integrals in 
energy space. 

2)  Become familiar with Fermi-Dirac 
integrals. 

3)  Understand the uni-directional 
thermal velocity. 

4)  Understand the delta-function 
definition of the DOS. 


