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Today’s Discussion 

• Electron & hole concentrations in equilibrium 

• Temperature Dependence of carrier 
concentration 

• Compensation and Space Charge Neutrality 
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Major points from Lecture 7 
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We arrived at this integrated form 

Problem: Fermi function cannot be integrated analytically in 3D 



Maxwell-Boltzmann 

Fermi-Dirac 

𝐸𝐹 (Fermi Level) 

𝐸 
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Effective density of states 

Intrinsic Fermi level 
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Using effective 

density of states 

Using intrinsic 

reference 

concentration 

mass action law 
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• valid at high T as long as 𝑛𝑖 ≪ 𝑁𝐴 

• at much lower T, decreasing 𝑝0 < 𝑁𝐴 
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Effective Density of States and Masses 
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The next slide presents a summary of values of effective 

density of states and effective masses, assembled for 

representative semiconductor materials (Si, Ge, GaAs). 

 

Keep in mind that these are approximate values and are not 

meant to represent “absolutely correct” ones.  There is a 

always certain variance in the available measurements of 

related physical constants. Values may also depend on the 

model used to calculate them.  

 

Take the following table as a reasonable set of data 

which gives a good guideline for practical applications. 



Material  Valence Band          Conduction Band 
 

    Si  𝑁𝑉 = 1.08 × 1019cm−3          𝑁𝐶 = 2.82 × 1019cm−3 

      [ = 1.83 × 1019cm−3 ]† 

  𝑚𝑝(𝑑)
∗ = 0.57 𝑚0 0.81 𝑚0

†      𝑚𝑛(𝑑)
∗ = 1.08 𝑚0 

  𝑚𝑝(𝑐)
∗ =  0.36 𝑚0 0.386 𝑚0

†       𝑚𝑛(𝑐)
∗ = 0.26 𝑚0 

 

    Ge  𝑁𝑉 = 3.92 × 1018cm−3          𝑁𝐶 = 1.05 × 1019cm−3 

  𝑚𝑝(𝑑)
∗ = 0.29 𝑚0           𝑚𝑛(𝑑)

∗ = 0.56 𝑚0 

  𝑚𝑝(𝑐)
∗ = 0.21𝑚0            𝑚𝑛(𝑐)

∗ = 0.12 𝑚0 
 

   GaAs 𝑁𝑉 = 8.68 × 1018cm−3          𝑁𝐶 = 4.37 × 1017cm−3 

  𝑚𝑝(𝑑)
∗ = 0.47𝑚0           𝑚𝑛(𝑑)

∗ = 0.067 𝑚0 

  𝑚𝑝(ℎ)
∗ = 0.34 𝑚0        𝑚𝑛(𝑐)

∗ = 0.067 𝑚0 

 
𝑚0 = 9.10938356 × 10−31kg  

𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝 𝐟𝐨𝐫 𝐫𝐞𝐚𝐥𝐢𝐬𝐭𝐢𝐜 𝐰𝐚𝐫𝐩𝐞𝐝 𝐬𝐲𝐦𝐦𝐞𝐭𝐫𝐲 𝐨𝐟 𝐡𝐞𝐚𝐯𝐲 𝐡𝐨𝐥𝐞𝐬 𝐯𝐚𝐥𝐞𝐧𝐜𝐞 𝐛𝐚𝐧𝐝 𝐢𝐧 𝐒𝐢†  

𝑑 = indicates “density of states mass”        𝑐 = indicates “conductivity mass”        

Effective Density of States and Masses 

T = 300K 
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Effective Density of States and Masses 

Material  Valence Band          Conduction Band 
 

    Si  𝑁𝑉 = 1.08 × 1019cm−3          𝑁𝐶 = 2.82 × 1019cm−3 

      [ = 1.83 × 1019cm−3 ]† 

  𝑚𝑝(𝑑)
∗ = 0.57 𝑚0 0.81 𝑚0

†      𝑚𝑛(𝑑)
∗ = 1.08 𝑚0 

  𝑚𝑝(𝑐)
∗ =  0.36 𝑚0 0.386 𝑚0

†       𝑚𝑛(𝑐)
∗ = 0.26 𝑚0 

 

The calculation of 𝑛𝑖 is sensitive to the value of 𝐸𝑔 (besides the 

model for 𝑁𝑉) used.  If you fix a conventional value of 𝑛𝑖  : 
 

𝑁𝑉 = 1.83 × 1019cm−3  𝑁𝑉 = 1.08 × 1019cm−3 
𝐸𝑔 = 1.095 eV   𝐸𝑔 = 1.081 eV 

𝑛𝑖 = 1.5 × 1010cm−3   𝑛𝑖 = 1.5 × 1010cm−3 
 

There is always some built-in “uncertainty” in any set of physical parameters 
obtained from a combination of measured data and theoretical models. 
 

𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝 𝐟𝐨𝐫 𝐫𝐞𝐚𝐥𝐢𝐬𝐭𝐢𝐜 𝐰𝐚𝐫𝐩𝐞𝐝 𝐬𝐲𝐦𝐦𝐞𝐭𝐫𝐲 𝐨𝐟 𝐯𝐚𝐥𝐞𝐧𝐜𝐞 𝐛𝐚𝐧𝐝 𝐢𝐧 𝐒𝐢†  



Intrinsic concentration 
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Thermal Generation of Carriers 

500K 

227°C 

100K 

-173°C 

Freeze-out 
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Charge neutrality condition 

Assuming complete ionization 

In the course we will normally consider complete ionization 

Dopant ionization – more complete model including effect 

of temperature 



Donor and Acceptor dopants balance each other out 

𝐸𝐶 

𝐸𝑉 

+ + + + + + + + + + + 

_        _        _        _ 

𝐸𝐶 

𝐸𝑉 

+       +          +        + 

_ _ _ _ _ _ _ _ _ _ _ 







apply 

charge 

neutrality 

apply mass 

action law 

insert in 

charge 

neutrality eq 




