
Semiconductor Doping 
 
Objective 
Understand N-Type and P-Type Semiconductor Doping. 
 
Capability 
The tool identifies the semiconductor type when the user selects doping elements from an abbreviated Periodic Table. 
 
Theory 
When the crystal lattice (arrangement of atoms) of a semiconductor is modified by the addition of foreign atoms, the electrical 
properties of the semiconductor change significantly. This process is known as “doping”.  The doping process can result in an N-
Type or P-type semiconductor depending on the type of dopant. 

 
An intrinsic semiconductor is an undoped material with an element that shares 8 valence electrons (electrons in the outermost shell 
of an atom) with its 4 nearest neighbors. Some of the most common semiconductor materials are Si, Ge, GaAs, AlP, CdTe, GaN, 
ZnTe, SiC, HgCdTe, and ZnCdTe. In an intrinsic semiconductor, the total valence electrons shared between a semiconductor atom 
and its 4 nearest neighbors is always equal to 8, even when the semiconductor is made up of more than one semiconductor 
material. For instance, Al has 3 valence electrons and P has 5 valence electrons, forming AlP. Therefore, AlP is a III-V 
semiconductor. 

 
An intrinsic semiconductor can be converted into a P-Type semiconductor when it is doped with an element with 1 less valence 
electron than the element it replaces. A P-Type semiconductor has more holes than electrons. 

 
An intrinsic semiconductor can be converted into an N-Type semiconductor when it is doped with an element with 1 more valence 
electron than the element it replaces. An N-Type semiconductor has more electrons than holes. 
 
Examples. 
 

   

 

 

 

 

 

 

 

 
 

 

Instructions: 

The user can select the elements that make up the semiconductor material to be doped, and can select up to three elements for the 
semiconductor If the semiconductor has two elements, the sum of the valence electrons must equal 8 valence electrons The group 
number for each column indicates the number of valence electrons. If the semiconductor has three elements, two of the three 
elements must be from the same group.  

 

 Select the element to be doped. 

 Select the dopant. This needs to be 1 element to the right or left of the element to be doped. 

 Press [ Simulate Doping ]. 
 

Ex. If Ga in GaN is replaced with Mg, what type of semiconductor is created (n- or p- type)? 
 Element 1: Ga 
 Element 2: N 
 Element 3: - 
 Element to be doped: Element 1 
 Dopant: Mg 
Result: This is a P-Type semiconductor because Ga is from Group 3 and Mg is from Group 2. 
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Example of an N-Type Doping. 

 

 

Silicon is from Group IV 
and has four valence 
electrons. 

Phosphorous is from 
Group V and has five 
valence electrons. 

When ‘Si’ is doped with ‘P’ at room temperature, there 
is an extra electron since P has 5 valence electrons. 
The extra electron has very low binding energy and this 
bond is very easily broken. 
When the bond is broken, the extra electron is free to 

conduct and P becomes positively charged. In this case, 

electrons are created without creating additional holes. 

Therefore, the semiconductor becomes N-Type. 

 

Example of a P-Type Doping. 

 
 

Silicon is from Group IV 
and has four valence 
electrons. 

Aluminium is from Group 
III and has three valence 
electrons. 

When ‘Si’ is doped with ‘Al’ at room temperature, 

there is a missing electron. This is called a “hole”. A 

neighboring valence electron can take the place of the 

hole. When this occurs, ‘Al’ becomes negatively 

charged and the hole moves to the neighbor atom. In 

this case, holes are created without creating additional 

electrons. Therefore, the semiconductor becomes P-

Type. 


