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Last time:  
 Metals (free electron model) cont’d 
 Band structure 
Today:  

 Band structure cont’d, 
semiconductors 



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 8    3 

Today 
• Semiconductors and semiconductor devices 
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The etching process 

  Wafer 

  

Coating with  

Photoresist 

  

Bake 
  

Expose mask image 

  

Develop   

Etch, Implant, etc.   

Remove PR 

Post - Exposure  

Bake 
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ASML: World leader in wafersteppers 
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Moore law 
# transitors on a chip  

doubles every 2 years 

 

In 2020’s:  

single atom level 
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Single atom transistor 
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Semiconductors 

Direct gap / Indirect gap 

Intrinsic / Extrinsic 

Homogeneous / Inhomogeneous 
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Diamond band structure 
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Diamond band structure 

‘Quadratic’ dispersion 

in extended scheme 
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Direct gap: GaAs 



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 8    13 

Direct gap: GaAs, absorption 

( )

0( ) dI I e     Direct optical transitions 

Onset at Eg 
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Indirect gap: Silicon 

Indirect bandgap,  

optical transitions need an additional phonon for momentum 
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Indirect gap, Si absorption 

Phonon assisted transitions 

Onset at Eg-Ephonon 
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Holes 
Missing electron in a filled band  

acts as a particle (hole) with: 

 

• kh = -ke 

• Eh = -Ee 

• vh = ve 

• mh = -me 

•  fh = 1-fe 

valence 

Conduction Hole 

Eg 

Both electron and hole conduction (bipolar conduction) 
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Measuring the electron mass: Cyclotron 
resonance 

*c

eB

m
 

Dresselhaus et al., Phys. Rev. 98, 368 (1955) 
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Carrier density 

Independent of m or doping 

e- h+ 

D
O

S
 

D
O

S
 

EF 

𝑛 =  𝑑𝐸 𝐷𝑐 𝐸 ∙ 𝑓𝑐 𝐸  ≈    𝑛0 ∙ 𝑒
µ−𝐸𝑐
𝑘𝑏𝑇

∞

𝐸𝑐
    with  𝑛0 = 2

𝑚𝑐
∗  𝑘𝑏𝑇

𝜋ℏ2

3

2
 

𝑝 =  𝑑𝐸 𝐷𝑣 𝐸 ∙ 𝑓𝑣 𝐸  ≈    𝑝0 ∙ 𝑒
𝐸𝑣−µ

𝑘𝑏𝑇
𝐸𝑣
−∞

    with  𝑝0 = 2
𝑚𝑣
∗  𝑘𝑏𝑇

𝜋ℏ2

3

2
 

𝑘𝑏𝑇 ≪ 𝐸𝑐 − µ 

𝑛 ∙ 𝑝 = 𝑛0𝑝0 ∙ 𝑒
− 

𝐸𝑔
𝑘𝑏𝑇 



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 8    19 

Intrinsic case: temperature dep. EF 

Density: 

From n = p : 

𝑛𝑖 ≡ 𝑝𝑖 ≈ 𝑛0𝑝0 ∙ 𝑒
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‘H problem’ with  
2 2 / &e e m m  

Ionization energy 1 ‘Ry’: 
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Doped semiconductors 

Binding energies typical 10-60 meV 

Bohr radius typical ~10 nm 
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Conductivity 


