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MESFET 

Depletion layer created by Schottky barrier
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Metal-Semiconductor Field Effect Transistors
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Fast transistors can be realized in n-channel GaAs, however GaAs has 
a low hole mobility making p-channel devices slower.
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Pinch-off at  h = xn

n-channel JFET
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JFET 

The drain is the 
side of the 
transistor that 
gets pinched off. 



http://lampx.tugraz.at/~hadley/psd/L9/gradual.php



JFET 

There is a long derivation to determine how the current depends on VG and VD. 

We will find a relatively simple formula (probably familiar to electrical engineers).

Understanding the derivation is important for knowing when this formula is valid.
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ID is constant throughout the transistor ( ( ))D n D nI dy e N Z h x y dV 

1 1 1

n D nne N e


  
  

( ( ))D
n D n

dydV I
e N Z h x y






JFET 
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VG is a forward bias
V(y) is a reverse bias.

depletion width is a function of position

differentiate 
( )ndx y

dV


( ( ))D n D nI dy e N Z h x y dV 



JFET 

2 ( ( ) )( ) bi G
n

D

V V y Vx y
eN

  


VG is a forward bias
V(y) is a reverse bias.

depletion width is a function of position

differentiate 
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from last slide

If ID is known, this can be solved for xn(y).
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from a previous
slide
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JFET - drain current 
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valid in the linear regime
(until pinch-off)



JFET - Linear regime

In the linear regime VD << Vsat. 
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JFET - Linear regime

In the linear regime VD << Vsat. 

variable resistor
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JFET - Saturation regime
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set dID/dVD = 0 to find Vsat

Substitute Vsat into the equation at the top to find Isat
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JFET - Saturation regime
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Voltage controlled current source

No VD dependence



JFET - transconductance
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In the saturation regime, 
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transconductance (describes how good  
the voltage controlled current source is)
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High frequencies 

average capacitance:
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for gain:

fT is the frequency 
where the gain drops 
below 1



For velocity saturation, the approximation
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is not valid

Ohm's law assumes vd = E


