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Field-Effect Transistors (FETs) 

Basic Definitions: 

The FET is a semiconductor device whose operation consists of controlling the flow of 

current through a semiconductor channel by application of an electric field (voltage). 

There are two categories of FETs: the junction field-effect transistor (JFET) and 

the metal-oxide-semiconductor field-effect transistor (MOSFET). The MOSFET category 

is further broken-down into: depletion and enhancement types. 

 

A Comparison between FET and BJT: 

⯇ FET is a unipolar device. It operates as a voltage-controlled device with either 
electron current in an n-channel FET or hole current in a p-channel FET. 

⯇ BJT made as npn or as pnp is a current-controlled device in which both electron 
current and hole current are involved. 

⯇ The FET is smaller than a BJT and is thus for more popular in integrated circuits 

(ICs). 

⯇ FETs exhibit much higher input impedance than BJTs. 

⯇ FETs are more temperature stable than BJTs. 

⯇ BJTs have large voltage gain than FETs when operated as an amplifier. 

⯇ The BJT has a much higher sensitivity to changes in the applied signal (faster 

response) than a FET. 

 

Junction Field-Effect Transistor (JFET): 

The basic construction of n-channel (p-channel) JFET is shown in Fig. 15-1a (b). 

Note that the major part of the structure is n-type (p-type) material that forms the channel 

between the embedded layers of p-type (n-type) material. The top of the n-type (p-type) 



channel is connected through an ohmic contact to a terminal referred to as the drain "D", 

while the lower end of the same material is connected through an ohmic contact to a 

terminal referred to as the source "S". The two p-type materials are connected 

together and to the gate "G" terminal. 
 

 

Basic Operation of JFET: 

⯇ Bias voltages are shown, in Fig. 15-2, applied to an n-channel JFET devise. 

⯇ VDD provides a drain-to-source voltage, VDS, (drain is positive relative to source) and 

supplies current from drain to source, ID, (electrons move from source to drain). 

⯇ VGG sets the reverse-bias voltage between the gate and the source, VGS, (gate is 

biased negative relative to the source). 

⯇ Input impedance at the gate is very high, thus the gate current IG = 0 A. 

⯇ Reverse biasing of the gate-source junction produces a depletion region in the 

n-channel and thus increases its resistance. 

⯇ The channel width can be controlled by varying the gate voltage, and thereby, ID 

can also be controlled. 

⯇ The depletion regions are wider toward the drain end of the channel because the 

reverse-bias voltage between the gate and the drain is grater than that between the 

gate and the source. 

 



 

 

 

 



 

 



 

 

 



 

 



 

JFET AC Equivalent Circuit 

The control of Id by Vgs is include as a current source gmVgs connected from drain to source 

as shown in Fig. 15-13. The current source has its arrow pointing from drain to source to 

establish a 180o phase shift between output and input voltages as will as occur in actual 

operation. The input impedance is represented by the open circuit at the input terminals 

and the output impedance by the resistor rd from drain to source. 



 

 

 


