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Two kinds of semiconductors:
➢ single-element semiconductors, such as

germanium and silicon, group IV in the
periodic table.

 
➢ compound semiconductors, such as

gallium-arsenide, which are formed by
combining elements from groups III and
V or groups II and VI.
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• Energy band diagram for unexcited atom in a pure intrinsic silicon crystal.
 
• At sufficiently low temperatures, approaching absolute zero (0 K), all the

covalent bonds are intact, and no electrons are available to conduct electric
current.

• Thus, at such low temperatures, the intrinsic silicon crystal behaves as an
insulator.
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• Room Temperature effect:
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At T = 0 K At T > 0 K

Increasing
Temperature

when a covalent bond is broken, an electron is freed,
and hole is created (current can flow)
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• Insulator: large bandgap energies, in the range of 3 to 6 electron–volts (eV).
 
• Conductors: contain very large numbers of free electrons at room temperature.
 
•  Semiconductor: the bandgap energy is on the order of 1 eV
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Extrinsic Semiconductor
 

• Intrinsic semiconductor: has equal concentrations of free electrons and holes, generated by thermal generation.
 
• These concentrations are far too small for silicon to conduct appreciable current at room temperature.
 
• To solve the issue: a method was developed to change the carrier concentration in a semiconductor crystal.
 
• This process is known as doping, and the resulting silicon is referred to as doped silicon.
 
• Doping: introducing impurity atoms into the silicon crystal to increase the concentration of either free electrons or

holes.

Semiconductor Materials and Properties

A. S. Sedra and K. C. Smi, Microelectronic Circuit, 7th ed. 2016.
D. Neamen, Microelectronics Circuit Analysis and Design, 4th ed. 2010.



• Two kinds of semiconductors:
➢ single-element semiconductors, such

as germanium and silicon, group IV
in the periodic table.

 
➢ compound semiconductors, such as

gallium-arsenide, which are formed
by combining elements from groups
III and V or groups II and VI.

 

A. S. Sedra and K. C. Smi, Microelectronic Circuit, 7th ed. 2016, pp. 44.
“Periodic Table,” Lam Research. [Online]. Available: https://blog.lamresearch.com

Semiconductor Materials and Properties

Conductors
Copper, Gold, and Silver

Semiconductors Insulators
Glass, Plastics, and Paper



Extrinsic Semiconductor
 

• Increasing the concentration of free electrons (n)                  Doping with an element with a valence of 5                    
  such as phosphorus

   
       silicon is n type
 
• Four of phosphorus’s electrons form covalent bonds.
 
• The fifth electron becomes a free electron.
 
• Each phosphorus atom donates a free electron
 
• Phosphorus impurity is called a donor.
 
• No holes are generated by this process.
• Electrons: majority carrier while holes: minority carrier
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Extrinsic Semiconductor
 
• Increasing the concentration of holes (p)                  Doping with an element having a valence of 3
                                   such as boron
 
       silicon is p type
 
• Boron atom has three electrons in its outer shell.
 
• Accepting an electron from a neighboring atom
 
• The result is a hole in the neighboring atom
 
• Boron impurity is called an acceptor.
 
• Generating holes without electrons being generated.
• Holes: majority carrier while electrons: minority carrier
 
 

Semiconductor Materials and Properties

A. S. Sedra and K. C. Smi, Microelectronic Circuit, 7th ed. 2016.
D. Neamen, Microelectronics Circuit Analysis and Design, 4th ed. 2010.



 

Semiconductor Materials and Properties

A. S. Sedra and K. C. Smi, Microelectronic Circuit, 7th ed. 2016.
D. Neamen, Microelectronics Circuit Analysis and Design, 4th ed. 2010.

  



Current Flow in Semiconductors
 
 
• Two different mechanisms for the movement of charge carriers (current flow in semiconductors):

 
 

Drift and Diffusion
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Movement caused by electric fields Flow caused by variations in the concentration
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Diffusion Current
 
• Carrier diffusion occurs when the density of charge carriers in a piece of semiconductor is not uniform.
 
• Ex: hole concentration is made higher in one part of a piece of silicon than in another, then holes will diffuse from

the region of high concentration to the region of low concentration.
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Concentration Profile
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Concentration Profile
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