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Course Content and Time Schedule 

• Topics 1: 半導體薄膜在熱平衡時的行為 ( 5/26) 
• Topics 2: 半導體薄膜材料的電荷傳輸現象(5/26, 

6/2) 
• Topics 3: 非平衡時半導體薄膜材料載子的動態行
為 (6/2) 

• 太陽能電池元件物理與一維太陽能電池仿真軟件 
介紹 (6/9) 

• 以MatLab Script控制光電元件仿真軟件進行材料
與元件參數之優化設計 (6/16) 
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Topics 1: The Semiconductor in Equilibrium 

• Derive the thermal-equilibrium concentrations of electrons 
and holes in a semiconductor as a function of the Fermi energy. 

• Discuss the process by which the properties of a 
semiconductor material can be altered by adding specific 
impurities to the semiconductor. 

• Determine the thermal-equilibrium concentrations of electrons 
and holes in a semiconductor as a function of the 
concentration of dopant. 

• Determine the position of the Fermi energy level as a function 
of the concentrations of dopant added to the semiconductor. 

3 



1.1  CHARGE CARRIERS IN SEMICONDUCTORS 
1.1.1    Equilibrium Distribution of Electrons and Holes 

•  a plot of the density of states function in the conduction-band 𝑔𝑐(𝐸), the 
density of states function in the valence-band 𝑔𝑣(𝐸), and the Fermi–Dirac 
probability function for T > 0 K when 𝐸𝐹 is approximately halfway between 𝐸𝑐 
and 𝐸𝑣.  

• 𝑓𝐸(𝐸) for E > 𝐸𝐹  is symmetrical to the function 1 - 𝑓𝐸(𝐸) for E < 𝐸𝐹 about the 
energy E = 𝐸𝐹. 

4 



5 



6 

1.1.2    The 𝒏𝟎 and 𝒑𝟎 Equations 
Thermal-Equilibrium Electron Concentration  𝒏𝟎   
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Comment:  The parameter values 𝑁𝑐  at any temperature can easily be found 
by using the 300 K values and the temperature dependence. 
Note that the value of 𝑁𝑐 for GaAs is smaller than the typical 1019 𝒄𝒄−𝟑 value 
due to the small electron effective mass in gallium arsenide. 
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• Comment:  The intrinsic carrier concentration 
𝒏𝒊 can increase by over 4 orders of magnitude 
as the temperature increased by 150°C. 
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1.1.4      The Intrinsic Fermi-Level 

The intrinsic Fermi level must shift away from the band with the larger 
density of states in order to maintain equal numbers of electrons and holes. 
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1.2 | DOPANT ATOMS AND ENERGY LEVELS 
The doped semiconductor, called an extrinsic material 
• The phosphorus atom without the donor electron is 

positively charged.  
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This type of impurity atom 
donates an electron to the 
conduction band and so is 
called a donor impurity 
atom.  

The group III atom 
accepts an electron 
from the valence 
band and so is 
referred to as an 
acceptor impurity 
atom.  
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1.2.2      Ionization Energy 
ionization energy: the energy required to elevate the 
donor electron into the conduction band.  

 The donor electron is not tightly bound to the donor atom. 
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For silicon, the ionization energy is E = -25.8 meV, much less than the bandgap 
energy . 
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1.3 | THE EXTRINSIC SEMICONDUCTOR 
An extrinsic semiconductor is defined as a semiconductor in which controlled amounts 
of specific dopant or impurity atoms have been added so that the thermal-equilibrium 
electron and hole concentrations are different from the intrinsic carrier concentration.  
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1.3.2    The 𝒏𝟎𝒑𝟎 Product 
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1.4 | CHARGE NEUTRALITY 
1.4.1    Compensated Semiconductors 
A compensated semiconductor is one that contains both 
donor and acceptor impurity atoms in the same region. 

1.4.2    Equilibrium Electron 
and Hole Concentrations 
 
The charge neutrality condition is 
expressed by equating the density 
of negative charges to the density of 
positive charges.  
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Comment   
(Nd  - Na) > ni, so the thermal-equilibrium majority carrier electron 
concentration is essentially equal to the difference between the donor and 
acceptor concentrations.  
the majority carrier electron concentration is orders of magnitude larger than 
the minority carrier hole concentration. 
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Comment   
If we assume complete ionization and if (Na - Nd) > ni, then the majority 
carrier hole concentration is, to a very good approximation, just the 
difference between the acceptor and donor concentrations. 

1.5 | POSITION OF FERMI ENERGY LEVEL 
1.5.1    Mathematical Derivation 
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1.5.2 Variation of EF with Doping Concentration and Temperature 

Comment  
If the acceptor (or donor) concentration in silicon is greater than 
approximately 3 X 1017 cm-3, then the Boltzmann approximation of 
the distribution function becomes less valid and the equations for the 
Fermi-level position are no longer quite as accurate. 
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