
Field Effect Transistor 
The field effect transistor (FET) is one of the most important electronic devices in 
modern solid state technology. 
 
The FET is relatively simple to fabricate. However, the device speed is controlled by 
lithographically defined geometry. 
 
FET offer many actractive features for applications in analog switching, amplifiers, 
microwave amplificators (high swiching speed, and high cutoff frequencies) 
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Dimensions 

The electron or hole transit time effects can be reduced by controlling the 
vertical dimensions which can be easily controlled by epitaxial process 
and precise doping. 

 

The lateral dimension control required in the FET is carried out by optical 
lithography (0.5-1µm) or electron beam lithography (≈ 10nm). The rapid 
improvements in FET performance are due to lithography, high speed 
materials, and heterostructure concepts. 



Physical Principles 

The device consists of an active channel through which electrons flow from the source 
(origin of carriers) and drain (sink). The width of the channel is modulated by a potential 
applied to the gate. 
The channel width modulation then results in the modulation of the current flowing in the 
channel. 
The gate must be electricaly isolated from the channel current flow. If the gate is not well 
isolated from the channel, it draws a lot of current, leading to a device that has poor 
gain. (Si vs III-V, lack of good insulator) 
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Gate Insulation 
The gate insulation is done in a variety of ways leading to a number of different devices. 
 
In JFET, the gate is isolated by reverse bias a p-n jucntion. 
 
In MOSFET, the gate is isolated from the channel by an oxide. This is the basis of the 
silicon devices. 
 
In metal-semiconductor FET or MESFET, the gate forms a Schottky barrier with the 
semiconductor and the gate current is small in the useful range of gate voltages. 
 
In the modulation doped FET or MODFET, the gate again forms a Schottky barrier, and 
one uses heterostructure concepts to reduce ionized impurity scattering. 
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Ideal Schottky Barrier  
The ideal Schottky barrier is defined as: 
 
 
The electrons coming from the semiconductor  
into the metal face a barrier  
Vbi given by: 
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Schottky Barrier  

According to the discussion so far, the 
Schottky barrier height for n-type or p-
type semiconductors depends upon 
the metal and the semiconductor 
properties.  
 
However it is found experimentally that 
the Schottky barrier height is almost 
independent  of the metal employed  
for real metal-semiconductor junctions.  
 
There are a number of suface states 
and their distribution may 
characterized by a neutral level. The 
density of states is very large then 
addition or depletion of electrons to the 
semiconductor does not alter the Ef at 
the surface. 
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